@X  Ullli 

awnmans 

MMawiiw 


Digitized  by  the  Internet  Archive 
in  2017  with  funding  from 
University  of  Alberta  Libraries 


https://archive.org/details/reportofloadingtOOfead 


i t 


ACKNOWLEDGEMENTS 

The  author  wishes  to  express  his  appreciation  to: 

Mr.  W.  Carry  for  his  assistance  in  designing  and  supplying 
the  test  joists  used  in  this  experiment. 

Professor  I.  F.  Morrison,  Mr.  R.  N.  McManus,  Dr.  George  Ford 
and  other  members  of  the  Academic  Staff  of  the  University  of 
Alberta,  Department  of  Civil  Engineering,  for  the  technical 
supervision  afforded  the  author  by  them. 

Messrs.  L.  D.  Fead  and  H.  L.  Bertrand  of  the  Civil  Engineering 
Laboratory  Staff  for  their  assistance  in  the  manufacture  and 
installation  of  equipment. 

My  wife,  Jean,  without  whose  assistance  and  cooperation  this 
might  never  have  been' completed. 


jc  .  '  ■  ; 

'  :•  ;  '■  "  '  ■  ’■  . 

,  ' 

e  .  * 

V.;  vvl-r :  V.j:  V  Vo;.j  f *  .vj. .  V  v. *'.i  :•  :  'r "  ;v 

»  ■  1 

, 

,  ... 

rrus.  ;.v;  .v/  o  ‘  V 

. 


TABLE  OF  CONTENTS 


Page  No, 

PART  I 

INTRODUCTION  1 

NATURE  OF  INVESTIGATION  2 

OUTLINE  OF  INVESTIGATION  3 

GENERAL  THEORY  9 

PART  II 

TEST  PROCEDURE 

a.  Preparation  10 

b.  Loading  20 

PART  III 
RESULTS 

*1.  Total  Stresses  26 

2.  Maximum  Unit  Stresses  39 

3.  Deflections  5l 

U.  Method  of  Failure  5l 

CONCLUSIONS  55 

APPENDIX  I 

NOTATION  57 

SAMPLE  CALCULATIONS  59 

BUCKLING  OF  TOP  CHORD  113 

APPENDIX  II 


THE  USE  OF  SR-L  STRAIN  GAUGES 


120 


.  -  ..i.-.-fi, .  .  :  : 


, 

,  • 

,  . 

, 


.  ■  ;■  ... .  i  f  .  -  . 


(2) 

TABLE  OF  CONTENTS 


Page  No. 

APPENDIX  III 

PRELIMINARY  TESTS 

Test  No.  1  123 

Test  No.  2  12U 

Test  No.  3  130 

Test  No.  h  130 


APPENDIX  IV 


SUGGESTED  IMPROVEMENTS 


TABLE  OF  FIGURES 


Page  No. 

PART  I 

Fig.  1 — Theoretical  Truss  h 

Fig.  2 — Dimensions  -  Truss  No.l  5 

Fig.  3 — Dimensions  -  Truss  No. 2  6 

PART  II 

Fig.  U — Truss  Arrangement  12 

Fig.  5- — Foundation  Levelling  Stands  12 

Fig.  6 — View  of  Structure  from  Southeast  13 

Fig.  7 — Foundation  1U 

Fig.  8 — Truss  No. 2  -  Member  U^-L^  15 

Fig.  9 — Members  Having  Gauges  16 

Fig.  10 — Illustrative  Circuit  16 

Fig.  11 — 'Recording  Station  18 

Fig.  12 — Gauge  Positions  -  Truss  No.l  19 

Fig.  13 — Gauge  Positions  -  Truss  No. 2  19 

Fig.  1L— Truss  No.  2  -  Member  Ui-L1  21 

Fig.  15 — Truss  No.  2  -  Member  U^-L^  21 

Fig.  16 — Truss  No.  2  -  Member  *  21 

Fig.  17— Truss  No.  1  -  Member  U2-L2  21 

Fig.  18— Truss  No.  1  -  Member  U^-L^  22 

Fig.  19—Truss  No.  1  -  Member  U^-L^  22 

Fig.  20— Truss  No.  1  -  Member  IL -L^  22 

Fig.  21 — View  from  Southwest  during  Load  23 

Fig.  22 — View  from  Southeast  -  Final  Load  2h 


:  ; ;  T  .1  £■ l\1 

. 

. 

• 

i  ,  v-  :?c'i ~  ':I 

j.  '  '  '  "I't*. 

. 

.KJ  .  ;  Wv  i.eir:  thrr.j ■ 

• 

j -c.  :  •.  -ynj.to/ryjc  '.r «  •  v;-.’;'; . - 

!iOiJ  :  '  '  O'i - -V 

.. 

.  ' 

r'Lr-<iK& 

« 

vLI  J;  e  1  >  - 

• 

:  ..  '  ‘i  — J 

- 

■>; . 

, 

. 

:  -a*.:;  ! 

— lLr 

. 

'if  <  ”  ,  -  '•  .  c 

\  t: ••■‘j  T-  -V;  ' 

-  •  'J  '  -  "  „  ‘  .. 

sr  !,v ...r 

*  ' 

••  I  .  • 

•  - 

. 

J’  « 

' 

- 

, 

... 

■  • 

* 

, 

,  *  c  • 

(2) 

TABLE  OF  FIGURES 


Page  No 


FART  III 


Fig.  23— 

Menber 

D0-Dl  -- 

Total  Stress 

28 

i 

i 

-d 

CM 

•H 

Member 

°ru2  - 

Total  Stress 

29 

Fig.  25- 

Member 

U2-U3  - 

Total  Stress 

30 

Fig.  26 — 

Member 

Total  Stress 

31 

Fig.  27- 

Member 

VL1  -- 

Total  Stress 

32 

Fig.  28 — 

Menber 

Ll-L2  “ 

Total  Stress 

32 

Fig.  29- 

Member 

l2  -L3-' 

Total  Stress 

33 

Fig.  30- 

Member 

L3  "LU- 

Total  Stress 

3b 

Fig.  31- 

Member 

VL1  - 

Total  Stress 

35 

Fig.  32- 

Member 

ux-l2  - 

Total  Stress 

35 

Fig.  33- 

Member 

u2-l2  - 

Total  Stress 

36 

Fig.  3b— 

Member 

U2"l3  -- 

Total  Stress 

36 

Fig.  35- 

Member 

U3-L3  - 

Total  Stress 

37 

Fig.  36- 

Member 

VM  ” 

Total  Stress 

37 

Fig.  37- 

Member 

U. -L,  — 
b  b 

Total  Stress 

38 

Fig  .  38- 

Member 

Uq-Ux  - 

Maximum  Unit  Stress 

b2 

Fig.  39- 

Member 

Ul-°2  “ 

Maximum  Unit  Stress 

b3 

Fig.  uo— 

Member 

o2-u3  - 

Maximum  Unit  Stress 

U3 

Fig.  bl— 

Member 

u3-uu  - 

Maximum  Unit  Stress 

bb 

Fig.  b2 — 

Menber 

U0-Li  - 

Maximum  Unit  Stress 

bb 

Fig.  43- 

Member 

LrL2  - 

Maximum  Unit  Stress 

b5 

Fig.  bb— 

Member 

L2_L3 

Maximum  Unit  Stress 

b5 

■  (3) 

TABLE  OF  FIGURES 


Fage  No 


PART  III  (Cont'd) 

Fig.  U5 —  Member  L-^-L^  —  Maximum  Unit  Stress  i|6 
Fig.  1+6 —  Member  U^-L^  —  Maximum  Unit  Stress  U7 
Fig.  U7 —  Menber  U^-L^  —  Maximum  Unit  Stress  h7 
Fig.  t8 —  Member  U^-L^  —  Maximum  Unit  Stress  U8 
Fig.  h9 —  Member  U^-L^  —  Maximum  Unit  Stress  .U8 
Fig.  5>0 —  Member  U^-L^  —  Maximum  Unit  Stress  h9 
Fig.  $1 —  Member  —  Maximum  Unit  Stress  h9 
Fig.  52 —  Member  U^-L^  —  Maximum  Unit  Stress  50 
Fig.  5>3-~  Pictorial  Plan  Sew  After  Failure  $1 

APPENDIX  I 

Fig.  1 — ■  Member  Uq-Lj  * —  Tension  Test  102 
Fig.  2 —  Member  L-^-L^  —  Tension  Test  10U 
Fig,  3 —  Member  U-^-L^  —  Tension  Test  10 6 

APPENDIX  III 

Fig.  1 —  Tension  Test  No.  1  126 
Fig.  2 —  Tension  Test  No.  2  128 
Fig.  3 — -  Tension  Test  No.  2  129 
Fig.  U-“  Cantilever  Beam  Test  I33 
Eig.  5> —  Compensating  Gauge  Test  136 


' 


■ 

. 

■ 

» 

r.}  i.' 

. 

* 

. 

:  —  - 

' 

P  J 

- . 

• 

■  . 

■ 

. 

* 

' 

. 

* 

‘  r  -• 

. 

■.  .  . .  .■■■■■ 

:  ' 

♦ 


TABLE  OF  TABLES 


APPENDIX  I 


Table 

No. 

Page  : 

1  • 

—  Properties  of  Gauge 

Sections 

62 

2  ■ 

—  Gauge  Application  Data 

65 

3  ■ 

—  'heights  of  Bricks 

69 

Truss 

No. 

Member 

k 

1 

U0_U1 

70 

5 

2 

VU1 

71 

6 

1 

°ru2 

72 

7 

2 

<M 

? 

rH 

!=> 

73 

8 

1 

a2"U3 

Ik 

Q 

2 

u2-u3 

75 

10 

1 

VDU 

76 

11 

2 

v\ 

77 

12 

1 

U0-Li 

78 

13 

2 

U0-Ll 

79 

Ik 

1 

Ll"L2 

80 

15 

2 

Ll‘L2 

81 

16 

1 

VL3 

82 

17 

2 

L2_L3 

63 

18 

1 

Vl 

8U 

19 

2 

85 

20 

1 

VL1 

86 

21 

^  2 

Dl"Ll 

87 

22 

1 

urL2 

88 

. 

(2) 

TABLE  OF  TABLES 
APPENDIX  I  ( Cont< d) 


Table  No. 

Truss  No. 

Member 

Page  No 

23 

2 

VL2 

89 

2h 

1 

u2-l2 

90 

25 

2 

u2-l2 

91 

26 

1 

U2-L3 

92 

27 

2 

u2-L3 

93 

28 

1 

U3-L3 

9U 

2? 

2 

VL3 

95 

30 

1 

D3-LU 

96 

31 

2 

v3~h 

97 

32 

1 

98 

33 

O 

C 

99 

3li  -Deflections  in  inches 

100 

35  -Member 

Uq-L^  —  Tension  Test 

101 

36  -Member 

L^-L^  —  Tension  Test 

103 

37  -Member 

iL-Li  —  Tension  Test 

3  a 

105  ' 

38  -Actual  Computed  Total  Stresses— 

Truss  No .1 

107 

39  -Actual  Computed  Total  Stresses— 

Truss  No. 2 

108 

L0  -Maximum 

Unit  Stresses— Upper  Chord 

109 

U1  -Maximum 

Unit  Stresses — Lower  Chord 

110 

U2  -Maximum 

Unit  Stresses — Verticals 

111 

U3  -Maximum 

Unit  Stresses — Diagonals 

112 

. 

, 

" 


(3) 

TABLE  OF  TABLES 


APPENDIX  III 

Table  No.  Page  No, 

1  —  Tension  Test  No.l  125 

2  —  Tension  Test  No. 2  12? 

3  —  Cantilever  Beam  Test  132 

h  —  Compensating  Gauge  Test  13ii. 


PART  I 


INTRODUCTION 

The  following  report  is  a  resume  of  testing  procedures  used 
during,  and  the  results  obtained  from,  a  loading  test  of  two  welded 
steel,  truss-type,  floor  joists.  The  experimental  work  covered  by 
this  report  was  conducted  during  the  period,  October  19h7  to  May  19U8. 

Such  incidental  tests  as  were  used  for  the  purposes  of  per¬ 
fecting  techniques  are  summarized  in  Appendix  III. 


NATURE  OF  INVESTIGATION 


The  primary  purposes  of  the  investigation  were: 

1.  To  obtain  an  evaluation  of  the  total  axial  stress,  or  member 
"load”,  for  each  truss  member.  This  value  was  to  be  compared  with 
the  theoretical  value  obtained  using  the  theory  of  simply-connected 
trusses. 

2.  To  obtain  an  evaluation  of  the  secondary  stresses  due  to 
bending  in  the  members. 

No  attempt  was  made  to  evaluate  the  secondary  stresses  in 
the  neighborhood  of  the  joints.  It  would  have  been  impossible  to 
obtain  satisfactory  results  in  such  a  case  because  of  the  type  of  con¬ 
struction  encountered  in  the  trusses. 

In  addition,  an  overall  picture  of  the  performance  of  these 
joists  was  desirable.  Such  information  would  provide  a  basis  for 
decisions  as  to  the  suitability  of  this  type  of  member  for  different 
types  of  buildings. 
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OUTLINE  OF  INVESTIGATION 

The  trusses  used  in  the  investigation  were  fabricated 
locally.  Since  they  were  designed  on  the  basis  of  an  analysis  as  a 
simply-connected  truss,  it  was  felt  that  there  was  a  need  for  a  study 
of  the  actual  conditions  under  loading. 

The  author  has  been  unable  to  discover  reports  of  any  similar 
investigations.  In  fact,  aside  from  a  rather  rough  test  conducted  by 
the  manufacturer,  this  author  does  not  know  of  any  such  experiment 
having  been  performed.  The  one  test  mentioned  did  show  satisfactory 
load  carrying  and  deflection  characteristics  for  normal  building  use. 

The  results  of  the  present  investigation  gave  a  satisfactory 
analysis  for  total  axial  stress,  (hereinafter  referred  to  as  ntotal 
stress”),  with  the  exception  of  the  end  portions  of  the  top  chord. 

The  results  showed  such  a  wide  variation  in  bending  stresses 
that  little  of  value  could  be  obtained  from  them. 

The  overall  performance  of  the  trusses  was  observed  to  be 
satisfactory. 

The  trusses  used  were  composed  of  structural  steel  which  had 
been  welded  at  the  joints.  The  specifications  called  for  the  overall 
length  of  truss  to  be  sixteen  feet,  six  inches*  This  allowed  a  length 
of  three  and  one-half  inches  for  bearing  at  each  end,  two  end  panels 
of  one  foot,  eleven  and  one-half  inches  ,  and  six  interior  panels  of 
two  feet,  zero  inches.  The  sizes  of  members  and  their  arrangement  are 
clearly  shown  in  Figure  1. 

The  actual  dimensions  of  the  two  trusses,  as  constructed,  are 
shown  in  Figures  2  and  3. 

It  is  interesting  to  note  that  the  connections  of  the  web 
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7. 


members  with  the  upper  chord  were  made  at  the  bottom  of  the  MV" 
formed  by  the  top  chord  angle.  This  meant  that  the  intersection  of 
the  vertical  and  diagonal  at  any  joint  was  well  below  the  centre  of 
gravity  of  the  top  chord.  The  eccentricity  of  loading  thus  introduced 
bending  moments  in  the  chord.  In  the  normal  use  of  these  trusses,  the 
loading  is  applied  uniformly  to  the  top  chord.  Hence,  the  bending 
moments  introduced  by  eccentricity  helped  to  offset  the  bending  moments 
arising  directly  from  the  loading. 

There  were  a  number  of  lower  chord  joints  which  were  also 
eccentric.  The  most  notable  of  these  were  the  joints,  and  Ly 

in  each  truss.  The  bending  moments  arising  at  these  lower  chord  joints 
served  only  to  aggravate  the  stress  conditions  in  the  members,  thus 
lowering  the  carrying  capacity  of  the  trusses. 

As  shown  in  Figure  1,  in  each  truss,  the  members,  U^-I^, 

Ug-Ly  U^-L^,  an<^  U3“L1|?  were  composed  of  a  single  piece  of  three- 

eighth  inch-diameter  rod  bent  to  fit  the  truss.  Members,  Ih-L.,  IL-L^, 

6  o’  6 

U^-Iv,  and  U.-L,  ,  were  also  one  continuous  three-eighth  inch-diameter 

5  5  5  4 

rod.  The  adjacent  one-half  inch-diameter  members  such  as  U-^-L^,  and 
U^-Lg  were  continuous . 

The  construction  of  the  trusses  was  exactly  that  which  would 
be  encountered  on  the  average  construction  project.  While  this  pro¬ 
vided  an  opportunity  for  a  very  fair  load  carrying  test  of  the  product, 
it  gave  rise  to  a  marked  difference  in  the  results  obtained  from  the 
two  trusses. 

These  particular  trusses  are,  normally,  spaced  two  feet, 
zero  inches  on  centres  and  thus  carry  a  load  per  foot  equivalent  to 
two  square  feet  of  floor.  In  this  case,  the  trusses  ?rere  designed  for 
a  floor  loading  of  seventy-five  pounds  per  square  foot,  including  the 
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weight  of  the  floor,  or  a  total  load  of  one  hundred  and  fifty  pounds 
per  lineal  foot  of  truss.  For  convenience,  this  has  been  expressed  in 
the  results  as  a  load  of  three  hundred  pounds  per  panel  point. 


GENERAL  THEORY 


The  theory  of  simply-connected,  or  pin-connected  trusses  has 
been  used  throughout  the  calculations* 

The  theory  of  buckling,  as  applied  to  the  top  chord  of  a 
simply-connected  truss,  has  been  adapted  from  a  paper  by  S.  Timoshenko 
in  the  'Proceedings  of  the  American  Society  of  Civil  Engineers',  1930, 
p.  1006.  The  full  calculations  for  this  part  of  the  problem  are  given 
in  Appendix  I. 

The  nomenclature  is  tabulated  below  with  the  corresponding 
units,  where  applicable. 

Diagonal —  Sloping  web  member. 

Load —  Action  force  applied  to  the  trusses,  pounds,  (lbs.) 

Lower  Chord —  Members  forming  the  lower  perimeter  of  the  truss. 

Strain —  Unit  strain,  micro-inches,  (micro-in.). 

Total  Stress —  Total  axial  stress,  pounds,  (lbs.). 

Unit  Stress —  Stress  per  unit  area,  pounds  per  square  inch,  (psi) 

Upper  Chord —  Members  forming  the  upper  perimeter  of  the  truss. 

Vertical — ■  Vertical  web  member 

Web  Members —  All  interior  members. 

All  measurements  are  expressed  in  terms  of  feet  and/or  inches 
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PART  II 


TEST  PROCEDURE 

a.  Preparation 

The  first  step  in  the  test  procedure  was  the  determination 
of  the  actual  measurements  of  the  trusses.  Since  the  construction  of 
the  trusses  was  quite  rough,  the  measurements  were  taken  to  the  nearest 
one-sixteenth  of  an  inch,  it  being  felt  that  the  overall  accuracy  of 
the  test  would  not  justify  any  greater  accuracy  of  dimensions. 

All  measurements  were  taken  relative  to  the  point  of 
intersection  of  the  centre  lines  of  the  vertical  and  diagonal  at 
each  joint.  A  further  measurement  was  taken  in  order  to  reference 
this  point  of  intersection  to  either  the  bottom  extremity  of  the  top 
chord  or  the  top  surface  of  the  bottom  chord,  for  upper  and  lower 
chord  joints,  respectively. 

Each  of  the  trusses  was  stamped,  on  the  bearing  surface 
adjacent  to  joint  UQ,  with  a  reference  number.  Thus  the  trusses 
are  referred  to  as  Truss  Wo.l,  or  Truss  I\To. 2,  throughout  this  report. 

After  the  measuring  had  been  completed  a  short  length  of 
the  middle  section  of  each  member  to  which  gauges  were  to  be  applied 
was  prepared  for  the  application  of  the  gauges. 

Before  anything  further  could  be  done  with  the  trusses  it 
was  necessary  to  set  up  some  firm  foundations  on  which  to  support  them. 

ihe  supports  which  were  finally  decided  upon  are  shown 
quite  clearly  in  several  of  the  pictures  depicting  the  loading  of 
the  trusses.  They  consisted  of  two,  approximately  three-foot,  six- 
inch  lengths  of  twelve-inch  » I-beam*.  These  were  placed  one  at 
each  end  of  the  test  structure.  The  flat  bearing  surfaces  of  the 
tops  of  the  beams  thus  duplicated  the  conditions  encountered  in  a 
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field  application  of  these  joists.  However,  the  twelve-inch  depth 
was  insufficient  to  provide  the  necessary  clearance  between  the  bottom 
chords  of  the  trusses  and  the  floor.  Hence,  it  was  necessary  to  build 
up  pedestals  to  raise  the  whole  structure. 

The  foundation  is  depicted,  schematically,  in  Figure  5>. 

Each  steel  'I-beam*  was  set  with  the  ends  resting  on  boards  containing 
four  bolts  arranged  in  such  a  manner  that  the  heads  of  the  bolts  rested 
on  the  floor  while  the  nuts  on  the  bolts  were  in  contact  with  the  under¬ 
side  of  the  board.  Thus  the  ends  of  the  beam  could  be  raised,  lowered 
or  tilted  in  the  same  manner  as  the  head  of  an  engineer's  transit  or 
level . 

At  the  same  time  wooden  forms  were  attached  to  the  bottom 
flange  of  the  beam,  directly  below  the  points  on  which  the  trusses  were 
to  bear.  These  forms  were  for  the  purpose  of  pouring  the  supporting 
pedestals  and  were,  approximately,  eight  inches  square. 

$hen  the  foundations  had  been  readied  in  this  manner  the  beams 
were  aligned  and  levelled  by  the  use  of  a  transit  and  an  engineer's 
level.  The  pedestal  forms  were  then  sealed  with  Plaster  of  Paris  and 
filled  with  a  mixture  of  sulphur  and  fire  clay.  This  was  obtained  from 
the  cylinder  capping  equipment  in  the  concrete  laboratory.  Cubes  of 
this  material  had  previously  been  tested  in  compression  to  ensure  that 
it  would  have  sufficient  bearing  strength  for  the  purpose  and,  as  an 
extra  precaution,  the  wooden  forms  were  left  around  the  outside. 

The  mam  reasons  for  using  this  particular  material  were  its 
rapid  setting  action  and  the  fact  that  it  was  readily  available  in  the 
laboratory.  It  had  one  serious  disadvantage,  namely,  its  shrinkage  pro¬ 
perties.  Upon  setting,  all  free  surfaces  undergo  a  notable  recession. 
Thus  it  was  necessary  to  maintain  a  high  liquid  level  when  pouring  in 
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order  that  there  would  be  no  shrinking  away  from  the  underside  of  the 
beams.  (It  should  be  noted  that,  when  the  equipment  was  dismantled, 
all  bearing  surfaces  were  found  to  be  smooth  and  firm  and  the  main 
body  of  the  pedestals  was  perfectly  sound. ) 

As  soon  as  the  pedestals  had  hardened  the  levelling  boards 
were  removed  and  a  four-foot  length  of  dressed  was  placed  under 

each  end  of  the  1 I-beam'  between  the  pedestal  and  the  outside  edge  as 
shown  in  Figures  6  and  7.  These  were,  in  turn,  joined  by  lengths  of 
2»*xU"  thus  making  a  rectangular  frame. 

The  trusses  were  then  placed  on  the  beams  exactly  two  feet 
apart  and  three  sets  of  cross  braces  were  welded  to  them  at  approximately 
the  quarter  and  mid  points  of  the  trusses.  After  re-checking  the 
alignment  and  spacing  the  ends  of  the  trusses  were  spot-welded  in 
position.  A  sketch  of  the  arrangement  is  shown  in  Figure  ii.  Then,  in 
order  to  prevent  overturning  of  the  end  supports,  lengths  of  2"xii.” 
were  placed  from  the  wooden  frame  to  the  top  of  the  web  and  the  lower 
surface  of  the  upper  flange  on  the  inside  of  the  structure .  Similar 
braces  were  placed  from  the  frame  to  the  bottom  of  the  web  on  the  out¬ 
side.  This  may  also  be  seen  in  Figures  6  and  7. 


View  of  Structure  from  Southeast 
Fig.  6 
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Next,  the  gauges  were  applied  to  the  members  previously  pre¬ 
pared  using  the  method  described  in  Appendix  II.  The  Gauge  Data  is 
tabulated  in  Table  2  of  Appendix  I. 

Only  four  of  the  gauges  were  lost.  Three  of  these  had  insuf¬ 
ficient  leakage  resistance  and  one  gauge  lost  most  of  its  internal 
resistance. 

At  this  stage  two  temperature  gauges  were  attached  to  a 
three-quarter-inch  diameter  bar  of  structural  steel.  One  gauge  was  of 
the  ’A-l’  type,  while  the  other  was  of  the  1  A— 3 1  type.  After  the 
lead  wires  had  been  attached  to  these  two  compensating  gauges  the  bar 
and  leads  were  firmly  taped  to  a  length  of  2"x2"  lumber  to  prevent 
damage  to  the  gauges  and  this  whole  assembly  was  placed  on  the  floor 
directly  below  the  trusses  near  the  western  support.  This  may  be  seen, 
although  not  too  clearly,  in  the  bottom  of  Figure  8.  Figure  9  shows 
the  location  of  the  remaining  gauges. 


Truss  No.  2 — Member  lU-Lo 
Fig.  8 
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All  the  gauges  were  connected  to  a  single  common  lead,  making 
certain  that  the  length  of  lead  between  any  one  gauge  and  the  recorder 
terminal  would  be  the  same  as  the  length  of  the  compensating  gauge 
leads.  Then  sixty-eight  single  leads  were  cut,  each  of  the  same  length. 
This  length  was  such  that  the  resistance  from  the  recorder  terminal, 
through  the  switch  box,  to  the  gauge  would  be  the  same  as  the  resistance 
of  one  of  the  compensating  gauge  leads.  The  latter  were  approximately 
ten  feet  in  length  and  all  leads  were  of  number  twenty,  rubber  coated, 
solid,  single  lead-in  wire. 

One  lead  was  connected  to  each  gauge  and  each  of  these  leads 
was  connected  to  a  separate  terminal  on  a  switch  box.  This,  of  course, 
meant  that  sixty-eight  srdtch  positions  must  be  provided  and  switch 
boxes  had  to  be  prepared. 

Two  switch  boxes  were  used.  The  first  of  these  contained 
one  twelve  position,  single  circuit,  single  throw,  selecter  switch  and 
one  eleven  position,  double  circuit,  single  throw,  selecter  switch. 

The  twelve  position  switch  had  an  ’off’  position  as  well,  thus  allowing 
full  utilization  of  the  twelve  positions.  The  second  switch,  hovfever, 
had  no  ’off’  position  and,  hence,  was  limited  to  ten  positions  on  each 
circuit,  or  twenty  positions  in  all.  These  switches  were  designated 
1  and  2,  respectively,  and  the  circuits  on  switch  2  were  indicated 
by  the  notation  2-1,  or  2-2,  thus  giving  rise  to  switch  positions 
such  as  1-1,  1-2,  2-1-1,  2-2-1,  etc. 

The  second  box  contained  three  six  position,  single  circuit, 
double  throw  switches,  designated  A,  B  and  G.  Since  these  switches 
had  ’off’  positions  it  was  possible,  by  connecting  each  side  of  a 
switch  to  separate  terminals,  to  obtain  twelve  positions  on  each  switch. 
Essentially,  this  amounted  to  converting  them  to  two  circuit. 
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throw  switches.  These  circuits  were  designated  Al,  A2,  Bl,  B2,  Cl 
and  C2,  giving  position  designations  such  as  Al-1,  Al-2,  C2-1,  etc. 

Figure  10  shows  an  illustrative  circuit  diagram. 

The  common  lead  from  all  the  measuring  gauges  was  connected  to 
one  terminal  of  the  recording  box  and  a  lead  from  the  other  terminal 
was  connected  to  a  circuit  terminal  on  the  switch  box.  It  was,  of  course, 
necessary  to  have  a  separate  circuit  terminal  for  each  switch  circuit  or 
a  total  of  nine.  Three  of  these  were  on  the  two-switch  box  and  the 
other  six  were  on  the  three- s?,ritch  box.  Since  the  readings  were  taken 
so  that  all  ■A-l*  type  gauges  were  read  first  and  then  all  » A-3 1 
type,  it  was  only  necessary  to  change  the  compensating  gauge  leads  once, 
during  each  set  of  readings. 

The  recorder  and  switch  boxes  were  set  upon  a  table  in  front 
of  the  structure  as  shown  in  Figure  11. 


Recording  Station 
Fig.  11 


With  everything  else  in  readiness,  the  positions  of  the  gauges, 
relative  to  the  adjacent  panel  points,  were  measured  and  recorded, 
information  is  given  in  Figures  12  and  13. 
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The  leads  from  the  gauges  were  positioned  to  prevent  a  short 
circuit  due  to  outside  contact  and  securely  fastened,  just  below  the 
gauge,  to  prevent  excessive  movement.  The  tape  fastenings  and  the 
position  of  the  leads  are  well  shown  in  Figure  8  and  Figures  II4.  to 
20 ,  inclusive • 

Deflection  gauges  were  arranged  by  setting  a  steel  scale  on 
a  block  of  wood  which  had  been  secured  to  the  mid  point  of  the  lower 
chord,  and  holding  it  upright  by  means  of  a  sliding  bracket  as  shown 
in  Figure  20.  A  fine  thread  was  then  attached  to  the  ’I-beam*  support 
at  each  end  and  drawn  taught.  This  was  used  as  the  datum  since  it 
would  eliminate  the  settlement  of  the  supports.  As  an  added  measure 
an  Ames  dial  was  set  on  the  upper  surface  of  the  lower  chord  at  the 
same  point  on  truss  number  one.  This  may  also  be  seen  in  Figure  20. 

b.  Loading 

After  a  set  of  zero  readings  had  been  obtained  a  loading  deck 
was  mounted  on  the  structure  in  the  form  of  two  foot,  six  inch  lengths 
of  2 "xl*",  spaced  approximately  six  inches  on  centres.  Spikes  were 
placed  through  drilled  holes  on  each  side  of  the  upper  chords  in  order 
to  provide  lateral  support  between  trusses.  The  underside  of  this 
decking  shows  very  clearly  in  Figure  1$. 

When  the  decking  had  been  applied  with  its  attendant  pounding 
and  the  application  of  various  weights  of  men  and  materials  it  was 
found  that  an  appreciable  change  had  been  occasioned  in  the  zero 
readings.  It  was  felt  that  sufficient  preliminary  load  had  been  applied 
to  take  the  slack  out  of  the  gauges.  Hence,  loading  was  commenced. 

The  weight  of  forty  bricks  was  taken  as  the  basic  unit  for 
the  determination  of  loading  intensity.  Two  such  determinations  were 
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Truss  No. 2 — Member  U-j-L-^ 
Fig.  1U 


Truss  No. 2 — Member  U,  -L. 

Fig.  15  U  4 


Truss  No. 2 — Member  U0-L0 
Fig.  16  d  2 


Truss  No.l — Member 

Fig.  17  *  * 


Truss  No. 1— Member  U. -L} 
Fig.  20  U  U 
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made,  one  at  the  beginning  and  one  at  the  end  of  the  test.  This  data 
is  recorded  in  Table  3  of  Appendix  I. 

In  loading  the  bricks  were  spaced  one-half  inch  apart  longi¬ 
tudinally  and  as  close  as  possible  at  right  angles  to  the  centre  line 
of  the  structure.  'The  first  five  courses  were  laid  as  stretcher 
courses  and  then  alternate  rows,  starting  with  row  6,  were  made  header 
courses.  The  objects  of  this  arrangement  were  to  prevent  arching 
action  in  the  longitudinal  direction  and  to  obtain  as  much  arching 
effect  as  possible  in  the  normal  direction.  This  would  help  to  ensure 
a  uniform  distribution  of  loading  longitudinally  and,  at  the  same  time, 
the  arching  action  normally  would  tend  to  equalize  the  loading  carried 
to  each  truss.  The  latter  would  also  tend  to  minimize  any  side-thrust 
effect  due  to  rotation  of  the  ends  of  the  2  nxli  "spacers  in  the  platform 
arising  from  deflection  of  the  platform  members.  Figures  6,  21  and 

22  show  the  loading  of  the  trusses  quite  clearly. 


Fig.  21 

View  from  Southwest  during  Loading 
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View  from  Southeast — Final  Load 
Fig.  22 

Two  courses  of  brick  were  applied  to  the  trusses  and  the 
structure  was  allowed  to  stand  until  conditions  had  reached  equilibrium. 
Then  a  set  of  readings  were  taken.  From,  then  on,  the  structure  was 
loaded  one  course  at  a  time  and  then  allowed  to  reach  equilibrium 
before  readings  were  taken.  After  each  set  of  readings  the  data 
obtained  from  the  first  few  gauges  was  re-checked  to  see  that  the 
system  had  actually  been  in  equilibrium.  In  the  case  of  the  hundred 
and  two  pound  panel  point  load,  it  was  found  that  conditions  had 
altered  during  the  time  of  reading  and  a  new  set  of  observations 
had  to  be  made.  This  was  the  only  case  of  its  kind  during  the 
experiment.  The  data  is  included  in  Tables  4  to  33  of  Appendix  I. 

During  the  test  trouble  was  encountered  in  the  maintenance 
of  the  datum  cords  for  the  deflection  gauges.  Since  it  was  impossible 
to  get  in  behind  the  structure,  deflection  readings  for  Truss  No. 2 
were  abandoned.  There  had  been  no  indication  of  deflection  in  the 
floor  at  this  time  hence  further  deflection  observations  were  made, 
using  the  floor  as  a  datum,  on  Truss  No.l.  The  deflection  data  is 
summarized  in  Table  3k  of  Appendix  I. 
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Upon  completion  of  the  test  members,  Uq-L^,  U^-  Lj4, 
and  L,-  L,  ,  were  removed  from  Truss  No.l  and  subjected  to  a  tension 
test  to  determine  the  modulus  of  elasticity.  The  values  obtained 
checked  fairly  well  ivith  the  value  of  29.0  x  10^  p.s.i.  which  was 
assumed.  The  data  is  given  in  Tables  35  to  37  and  Figures  1  to  3  of 
Appendix  I. 
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PART  III 

RESULTS 


1.  Total  Stresses 

The  results  of  the  testing  were  first  recorded  in  terns 
of  the  total  stress  in  each  member  and  this  value  was  compared  to 
the  theoretical  value,  based  on  analysis  by  the  simply-connected 
theory  and  the  actual  dimensions  of  the  trusses.  In  Appendix  I 
the  observed  total  stresses  are  given  in  Tables  h  to  33  and  the 
computed  total  stresses  are  given  in  Tables  38  and  39.  Samples  of 
all  calculations  involved  are  given  in  the  same  Appendix. 

Figures  23  to  37,  inclusive,  depict  the  total  stress 
results  graphically. 

With  reference  to  Figure  23,  it  will  be  seen  that  the 
theoretical  and  observed  values  differ  very  markedly.  These  graphs 
are  for  the  members  Uq-U^  of  each  truss  and,  since  these  are  the 
end  members  adjacent  to  the  bearing  surface,  it  is  difficult  to 
ascertain  exactly  what  caused  the  discrepancy.  In  the  first  place, 
a  horizontal  component  could  be  transmitted  from  the  end  to  the 
support  since  the  supports  were  anything  but  frictionless.  Secondly, 
it  would  appear,  at  least  in  the  case  of  Truss  Io.l,  that  an  error 
had  been  made  in  the  initial  reading.  Since  the  test  was  carried  to 
failure,  no  check  could  be  made  on  these  initial  values.  In  view 
of  these  uncertainties,  the  horizontal  component  of  the  observed 
stress  in  the  member,  U^-L^,  has  been  plotted  for  each  trass. 

This  value  should  correspond  to  the  stress  in  Uq-U^  and  agrees 
fairly  well  with  the  theoretical  values. 


It  is  interesting  to  note  the  resemblance  of  the  graph  in 
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Figure  23  to  that  of  Preliminary  Test  No.  1,  shown  in  Appendix  III, 
where  no  initial  loading  was  applied  before  readings  were  started. 

It  is  possible  that,  U^-U^  being  a  stiff  member  with  a  comparatively 
low  stress,  the  initial  loading  was  not  sufficient  to  overcome  the 
slack  in  the  gauges. 

The  remaining  figures  show  a  rather  good  check  between 
the  theoretical  and  observed  stresses  when  it  is  borne  in  mind  that 
the  locked-in  stresses  at  the  welded  joints,  as  well  as  other  secondary 
stress  effects  which  were  indeterminate,  would  have  some  bearing  on 
the  results . 

It  will  be  noted  that  the  observed  stresses  in  the  chord 
members  were,  if  anything,  slightly  low.  This  seems  quite  reasonable 
when  one  notes  that  the  values  for  the  web  members  are  also  low. 

The  difference  is  not  sufficient  to  cause  concern.  The  greatest 
discrepancy  appears  to  be  in  the  upper  chord  members  which  may  well 
have  been  affected  throughout  by  the  conditions  at  the  supports. 

In  practically  all  cases  the  observed  results  from  Truss 
No.  2  are  lower  than  those  for  Truss  No.l.  This  probably  indicates 
that  a  slightly  larger  proportion  of  the  load  was  carried  by  No.l. 

In  the  case  of  the  web  members  the  observed  results  are 
somewhat  lower  than  the  theoretical.  This  is  indubitably  due,  at 
least  in  part,  to  an  indeterminate  amount  of  the  shear  being  absorbed 
by  the  chords. 
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2.  Maximum  Unit  Stresses  ' 

In  the  second  analysis,  the  maximum  unit  stresses  encountered 
in  each  member,  including  bending  effects,  were  compared  to  the 
theoretical  maximum  based  on  the  pin-connected  theory  and  axial  loading 
except  in  the  case  of  upper  chord  members  as  will  be  mentioned  later. 
The  computed  data  for  this  analysis  is  given  in  Tables  hO  to  h3  of 
Appendix  I  and  samples  of  the  attendant  calculations  are  given  in 
the  same  section.  The  graphical  presentation  is  made  in  Figures  38 
to  £2,  inclusive. 

In  the  case  of  all  of  the  upper  chord  members,  the  computed 
values  are  based  on  the  assumption  of  axial  load  plus  bending  stress 
due  to  a  uniformly  distributed  load  between  panel  points.  A  study  of 
the  related  calculations  in  Appendix  I  will  indicate  the  assumptions 
made. 

In  the  case  of  the  members,  Uq-U-,  ,  shown  in  Figure  38, 
there  is  no  correspondence  of  worthwhile  merit  between  the  observed 
and  the  computed  values.  In  view  of  the  discrepancies  shown  in 
Figure  23,  these  particular  results  are  of  little  value. 

The  remaining  results  are  of  some  interest.  Since  it  is 
difficult,  if  not  impossible,  to  tell  just  what  the  curve  should  be 
in  these  cases,  the  curves  have  been  drawn  to  fit  all  the  points 
possible  with  the  result  that  some  of  the  graphs  present  a  rather 
strange  appearance. 

■vost  of  these  curves  exhibit  properties  ?fhich  are  charac¬ 
teristic  of  so-called  "locked- in”  stresses  as  would  be  expected  in  a 
structure  of  this  nature.  In  addition,  Figures  39,  UO  and  hi  show, 
very  definitely,  that  the  maximum  observed  unit  stresses  were  well 
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below  the  theoretical  values.  This  can  probably  be  attributed  to 
the  method  of  connection  of  the  upper  chord  joints.  As  mentioned 
in  the  description  of  the  trusses,  this  was  such  that  the  secondary- 
bending  moments  would  tend  to  counteract  those  due  to  the  distributed 
loading  along  the  chord.  Oddly  enough,  the  maximum  unit  stress  appears 
to  have  occurred  in  member  instead  of  U^-U^,  although  this 

might  be  due  to  some  extra  support  contributed  to  U^-U^  by  the  cross 
braces  as  well  as  to  the  positions  of  the  gauges  along  the  members. 

The  discrepancy  between  the  computed  and  actual  values  in 
these  figures  is  of  the  same  relative  magnitude  for  both  trusses. 

Turning  to  Figures  i|2  to  k$9  we  find  a  slightly  different 
picture.  Firstly,  in  all  cases,  the  variation  between  actual  and 
comruted  values  for  the  two  trusses  are  of  vastly  different  magnitudes, 
the  greatest  discrepancy  arising  in  each  case  in  Truss  No.l.  The  only 
logical  cause  to  which  this  may  be  attributed  is  the  variation  in  the 
construction  of  the  two  joists. 

In  two  cases,  namely  members,  L^-L^  and  L  the 

results  for  Truss  No. 2  show  a  fairly  close  correspondence  to  the  com¬ 
puted  values .  The  remaining  lo?rer  chord  results  show  very  marked 
differences . 

An  examination  of  the  decidedly  eccentric  connection  used 
at  the  joint,  L^,  as  shown  in  Figures  Ik  and  19  shows  the  main 
reason  for  the  very  large  secondary  bending  stresses  introduced  into 
members,  and  L^-L^.  In  this  case,  the  additional  stress 

was  not  detrimental  to  these  tension  members,  since  the  same  section 
was  used  throughout  the  lower  chord  and  the  maximum  stress  in  each 
case  occurred  in  the  member,  L^-L^.  However,  as  will  be  pointed  out 
later,  this  eccentricity  may  very  well  have  affected  the  performance 
of  the  trusses. 


i 

■  ,  ,  ■  ■  f_  '  '■  '  d  :  v 

•!;.  co 

.  " 

■  j  .■  °  ..  -  J  !'t •'"*  :  vvrA  cj 

aeo-iD-  ; J  V  d  '  :  Of  .  b®$U($X.*l$n-G$  Cl 

, 

-r  •  ;  j  ■:  >.  ?  Ij  f  v  G..  •••'-:•  d 

,  .  ?  .  .  ■  *  o  r. 

.  . 

,  .  :  .•  '  <  ■  J  -dJ  i-.Tioo 


-  - 

|  7.d.j  d::;  dl  7d>  :  M 

■ 

;;  d  '  '  d  \df  ’  :  "V:  7  :  ■  . 

,  .  .  .  -  "  ■  - ■  ■  ■■ :  :  '• 

’ 

. 

’ 


The  last  two  observed  values  of  the  stress  in  L^-L^,  f°r 
both  trusses,  are  probably  beyond  the  yield  point  of  the  steel  and 
are  thus  meaningless.  However,  this  graph  clearly  indicates  an 
appreciable  increase  in  the  stresses  due  to  the  secondary  effects. 

In  the  case  of  Truss  No.l  this  is  in  the  neighborhood  of  twenty- two 
per  cent  of  the  computed  stress  at  the  design  load. 

In  the  case  of  the  web  members  one  of  the  most  interesting 
points  is  the  discrepancy  apparent  in  the  case  of  member  U^-L^. 

This  again  is,  no  doubt,  at  least  partly  due  to  the  eccentricity  of 
joint  L-p  In  the  case  of  Truss  No.l  this  discrepancy  has  the 
astounding  value,  at  design  load,  of  approximately  one  hundred  and 
sixty-seven  per  cent  of  the  computed  stress. 

Again,  there  is  little  correspondence  between  the  results 
obtained  from  the  two  trusses.  An  examination  of  Figure  U8  shows 
a  wide  divergence  between  the  actual  and  computed  results  for  Truss 
I  Jo. 2,  while  the  observed  results  from  Truss  No.l  follow  the  theoreti¬ 
cal  plot  very  closely.  In  Figure  k9  the  reverse  Is  true  although  to 
a  lesser  extant. 

The  diagonals,  as  shown  in  Figures  $0,  $1  and  52,  show  a 
closer  agreement  with  the  theory.  However,  the  results  for  Truss 
No.l  in  Figure  52  show  a  marked  discrepancy  with  an  error,  at  the 
design  load,  of  approximately  thirty- twro  per  cent  of  the  computed 


stress. 


,  "•  '  ■■  ■  f.:r  ■  ;  5vJ;i.ov  .  ~v*!fS)Z;tlQ  o  ;J  .[ 

'  ' 

, 

' 

-  •  •  :  ■  o  •  rsr 

. 

■  ■  I,-.  ■ .  .j  • .  '  ....  r:v  ■  .  ’  :  "  .  ■■  : :  :r  ■ !J  V  ,  -r  i.  o  $  -XL 

* 

, 

■,  •  .  •  ;  ;  J. :  ,  r,v  . . 1 :  •  j  b  • 

. 

L;. ’1  •"  J  ... ;  ■■ :  i' ■  V,t'Vi. :  i  .  .  br-A  ; 

)J.  J.  ,  0/1  •  - 

. 

. 

,  j 

■ 


MAX.  UNIT  STRE.SS-PSI. 


43 


200i 


MEMBER  M-M, 
MAX  UNIT  STRESS 

N  q  1  No.  2 

JjjW  OBSERVED 

COMPUTED  O— 


or 

a. 


kJ 

P 
U> 

2 

:> 

x 

5  5<»« 


—  □ 

—  o 

r1 


p 


,A' 

9-' 


t^’TTTTpfi 


S  Si® 


§ 


„»■ 


FIGURE  39 


A: 


tfo  JL&O  30  0  *900 

i  Load-Lbs./ Panel  Pt 


SOO 


MEMBER  U-U3 

MAX.  UNIT  STRESS 


N  al 

No.  2 

— i 

OBSERVED 

A- - - - 

-  Q - —  -  —  J* 

Ifi 

COMPUTED 

X~ - 

_  0~ - — / T 

/ 


au 


MCM8CR  L-L 


240M 


m _ ;j 

1 

MAX.  UNIT  STRESS 

tj  ‘  H 

i 

in 

1 

N  a  1  No£ 

(f)l&O0O 

0 
bJ 

cc 

h 
to 

12000 
Z 

5 

x 

< 


to 

& 

! 

if) 

& 

id 

te 

+- 

to 


0000 


Zitrni 


jmt 


COMPUTED  * 


3 

;  ^ 

36060 

Load- Lbs/  Panel  Pt. 

1 

member  l,-l, 

N  b.  1 

OBSERVED  A 
computed  X 


FtCURt  4  4 


ioo  260 

Load-  Lbs. /Panel.  Pr. 


AX  UNI T  STRESS- PSI. 


1*6 


MEMBER  Lr«-4 
MAX.  UNIT  STRESS 


hi 


MIMHIR  M-»L, 


I 


uooo 


U9 


AX  UNIT  STRESS-PSI 


Qtioo 


7000 


MEMBER  H- 
MAX  U  ISI  IT  STRESS 


OBSERVED 

computed 


NqI  No.  2 


a- - a- — 


FIGURE  52 


IOO  zoo  loo  *oo 

Load —  Lss/Pane^  Pt 


o 


soo 


51 


3.  Deflections 

An  examination  of  the  deflection  data  shows  a  maximum 
deflection  of,  approximately,  twenty-eight  one  hundredths  of  an  inch 
at  the  design  load.  On  the  basis  of  one  three  hundred  sixtieth  of 
the  span,  the  allowable  deflection  would  be,  approximately,  fifty- 
three  one  hundredths  of  an  inch  or  one  hundred  and  eighty-nine 
per  cent  of  the  actual.  This  is,  of  course,  eminently  satisfactory. 
As  a  matter  fact,  the  allowable  deflection  was  not  exceeded  until 
a  load  of  two  hundred  and  forty-two  pounds  per  lineal  foot,  or  one 
hundred  and  sixty-one  per  cent  of  the  design  load,  was  applied. 


5.  Method  of  Failure 

The  final  method  of  failure  of  the  trusses  is,  of  course, 
of  considerable  interest.  In  Figure  53,  which  is  a  pictorial  plan 
view  of  the  collapsed  structure,  the  final  position  of  the  component 
members  is  well  illustrated.  This  is  due  to  a  failure,  of  the  top- 
chord,  by  buckling. 
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The  mathematical  analysis  of  the  buckling  load  for  the 
top  chord  is  given  in  Appendix  I.  It  will  be  noted  that  the  ultimate 
buckling  load,  expressed  in  terms  of  the  total  stress  in  member 

was  20,200  pounds.  At  the  same  time,  the  maximum  recorded 
total  stress  in  member  U^-U^  was  8,580  pounds  for  Truss  No.l  and 
8,170  pounds  for  Truss  No.  2.  With  the  addition  of  the  fourteenth 
course  of  brick  which  caused  the  collapse,  these  values  could  be 
expected  to  become,  approximately,  9,200  pounds  and  8,800  pounds, 
respectively,  both  values  being  considerably  less  than  one-half  the 
computed  buckling  load. 

In  order  to  understand  what  happened,  it  is  necessary  to 
realize  that  the  support,  against  buckling,  which  is  afforded  the 
upper  chord  by  the  vertical  members  is  an  elastic  force  arising 
from  the  cantilever  action  of  the  vertical.  The  vertical  is  fixed 
at  the  lower  chord  joint  by  the  tension  in  that  chord. 

As  may  be  seen  in  the  calculations  in  Appendix  I,  the 
critical  value  of. the  total  stress  in  member  if  no  support 

is  provided  by  the  verticals,  Is  2,570  pounds.  In  both  cases,  this 
value  was  nearly  reached  after  a  load  of  one  hundred  sixty-two  pounds 
per  panel  point  had  been  applied  to  the  truss.  Mien  this  stage  was 
reached,  it  was  necessary  for  the  upper  chord  to  buckle  a  slight 
amount  before  the  elastic  force  of  the  cantilever  columns,  or  verticals, 
could  take  effect.  In  other  words,  a  horizontal  thrust  was  applied  to 
the  upper  end  of  the  verticals  at  this  point.  As  the  load  continued 
to  increase,  the  magnitude  of  this  horizontal  thrust  also  continued 
to  increase.  However,  the  vertical  members  also  carried  compression 
loads  which  were  applied  to  the  ends  of  the  member  and  thus  the  net 
effect  of  the  verticals  was  that  of  a  series  of  columns,  fixed  at 
one  end  and  free  at  the  other,  resisting  vertical  and  horizontal 
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components  of  loading.  The  deformation  curve  of  this  type  of  column 
is  well  known.  The  critical  load  is  given  by  the  Euler  Equation 
2 

P  =  ^  SI  assuming  buckling  due  solely  to  a  vertical, 

cr  .  9 

axial  load.  This  gives  a  critical  load  of  600  pounds  for  the  three- 
eighth  inch  diameter  members  and  1,9U0  pounds  for  the  one-half  inch 
diameter  menbers. 

Now,  noting  the  values  of  the  total  stresses  in  members 
and  U^-L^,  at  the  last  loading  before  failure  occurred,  we 
find  that  they  were  1,120  pounds  and  825  pounds  for  Truss  No.  1  and 
1,170  pounds  and  pounds  for  Truss  No.  2.  These  values  are  well 

over  the  critical  value  even  if  the  additional  bending  stresses  are 
considered  to  have  no  effect.  Thus,  these  members  would  no  longer  be 
capable  of  supplying  support  to  the  upper  chord.  With  these  members 
disregarded  the  total  stress  in  U^-U^  at  buckling  becomes  9^920 
pounds. 

Let  us  also  consider  the  observed  total  stress  in  the  mem¬ 
bers  at  the  same  loading.  For  Truss  Bo.l  this  value  is  1,690 

pounds  while  for  Truss  No. 2  it  is  1,800  pounds.  These  values,  in 
view  of  the  excessive  eccentricities  in  joint  L-^  are  very  close  to 
being  critical,  thus  leaving  only  one  elastic  support,  namely,  U^-L^. 
The  value  of  the  buckling  load  for  U^-U^  now  becomes  7,Uu0  pounds, 
or  considerably  less  than  the  observed  values. 

Since  failure  occurred  somewhere  between  the  last  two  cases, 
the  explanation  appears  to  be  that  the  final  increment  of  load  caused 
the  members  to  collapse,  thus  allowing  the  upper  chord  to 

buckle,  since  it  was  then  overstressed.  The  fact  that  the  members 
were  welded  would  probably  introduce  some  slight  degree  of  restraint 
at  the  supposedly  free  ends  of  the  verticals  thus  raising  their 
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critical  loads.  At  the  same  time  the  bending  stresses  present  in 
these  same  members  would  act  to  lower  the  critical  load.  In  view 
of  the  indeterminate  character  of  these  factors,  the  check  between 


actual  and  theoretical  values  clearly  justifies  the  explanation 
offered. 


CONCLUSIONS 


The  theory  of  simply-connected  trusses  has  been  very  well 
substantiated  by  the  satisfactory  comparison  of  theoretical  and 
actual  total  stresses,  since  the  amount  of  shear  which  would  be 
absorbed  by  the  chord  members  in  this  case  would  be  very  small. 
Hence,  the  total  stresses  should  be  very  nearly  the  same  as  in 
the  simply-connected  theory. 

The  wide  variation  of  secondary  bending  stresses  gives 
very  inconclusive  evidence,  but  it  certainly  indicates  that 
proper  care  in  the  removal  of  eccentricities  at  the  lower  chord 
.joints  would  be  beneficial,  particularly  in  joint  L-j  . 

There  is  also  fairly  conclusive  evidence  that  the  method 
of  attaching  the  web  members  to  the  upper  chord  is  of  material 
benefit  to  the  latter. 

The  deflections  of  the  truss  are  very  satisfactory. 

The  overall  factor  of  safety  of  the  trusses  is  in  the 
neighborhood  of  1.75  which  is  quite  satisfactory. 

The  verticals  are  apt  to  fail  as  columns  fixed  at  one 
end  and  free  at  the  other  instead  of  as  pin-ended  columns.  This 
would  tend  to  indicate  that  the  working  stresses  should  be  one- 
quarter  of  those  normally  used  in  this  work.  However,  there  is 
a  good  indication  that  the  member  L-^-L^  had  exceeded  the  elastic 
limit  at  approximately  the  same  loading  as  caused  buckling. 
Therefore,  it  is  doubtful  that  the  strength  of  the  truss  would 
be  materially  increased  by  such  a  practice. 
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7.  /Vith  the  type  of  joint  being  used  at  a  very  liberal 

factor  of  safety  should  be  applied  in  the  design,  of  member 


AFPENDIX  I 


DATA  AMD  SAMPLE  CALCULATIONS 


Notation 

A  —  Cross-sectional  area 

Bending  Stress  —  Unit  bending  stress  at  gauge 
Bot.  —  Bottom  gauge 

Comp.  Strain  —  Unit  axial  compression  strain 
Comp.  Stress  —  Unit  axial  compression  stress 
Dia.  —  Diameter 

Difference  —  Cumulative  difference  between  gauge  reading  and 
zero  reading 

E  —  Young's  Modulus  of  Elasticity 
f  —  Fibre  stress  due  to  bending 
I  —  Moment  of  inertia  about  neutral  axis 
I  —  Moment  of  inertia  about  centre  of  gravity  axis 

o 

1^  —  Moment  of  inertia  about  axis  i-i 

Load  —  Load  per  panel  point 

M  —  Bending  moment 

Mean  Strain  —  Unit  axial  strain 

P  —  Axial  load  or  total  stress 

R  —  Resistance 

Readings  —  observed  gauge  readings 
S  —  Section  Modulus 

Tension  Strain  —  Unit  axial  tension  strain 
Tension  Stress  —  Unit  axial  tension  stress 
Total  Stress  —  Total  axial  stress 
x  —  Distance  to  centre  of  gravity  in  x  direction 
y  —  Distance  to  centre  of  gravity  in  y  direction 
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u  '  ’  x  nx.  to  ei,)mo:  of  eonifdv.£(2  X 


y  —  Distance  from  neutral  axis  to  fibre  considered 
Ultimate  —  Ultimate  strength 

It  is  important  to  note  that  due  to  the  construction 
of  the  test  members,  the  accuracy  of  the  observed  results  can  be 
depended  upon  only  to  two  figures.  However,  the  results  have 
been  carried  to  three  figures  on  the  assumption  that  it  would 
give  a  closer  approach  to  the  correct  answer, 

A  value  of  E  =  29  x  10 ^  psi.  was  used  for  all 


calculations 
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SAMPLE  CALCULATIONS 


Properties  of  Angle  Sections 

Since  these  were  equal-legged  angles,  the  calculations 
were  merely  a  matter  of  finding  the  moment  of  inertia  about  a 
horizontal  axis  through  the  centre  of  gravity*  This  was  based 
upon  the  assumption  that  bending  took  place  about  this  axis. 

Determination  of  Total  Stress  . 

(1)  Given:  Truss  No.  1 

Member  L^-L^ 

Load  =  323  lbs. 

Tension  strain  =  733  micro. in. 

A  =  0.250  sq.in. 

Tension  Stress  =  733  x  10 1 2 * * *  6  x  29  x  106  =  21,200  psi. 

Total  Stress_=_21,200  x  0.250.  =  5,300  lbs.__ 

(2)  Given:  Truss  No.l 

Member  ^-U^ 

Load  =  323  lbs. 

A  =  0.693  sq.in. 

Distance  to  upper  gauge  from  neutral  axis 

=  0.221  in. 

Distance  to  lower  gauge  from  neutral  axis 

=  0.u82  in. 

Difference  -  Upper  -  326  micro. in. 

Difference  -  Lower  =  8l  micro. in. 

Differential  between  upper  and  lower  =  2U5  micro. in. 

Ratio  of  bending  strain  at  lower  to  upper  =  ^82  =  2.18 

221 

Bending  strain  at  upper  gauge  =  -55?  .  s  77  micro. in. 

3.1o 

Comp.  Strain  =  326  -  77=2L9 
Comp.  Stress  =  7,220  psi, 

_To_tal  .Stress  7,2_20_  x  0_.693_  5,000_  lbs.. 
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Determination  of  Bending  Stresses 


(1)  Given:  Truss  No.  1 

Member 

Load  =323  lbs. 

Differential  strain  =  318  micro. in. 

O 

Bending  strain  =  ------  =  159  micro. in. 

Bending  _str*e_ss_=__  159  x  1Q_^_1 * * * * * * * * X_?2  x  1^__  “  U,6l0  jasi. 

(2)  Given:  Truss  No.  1 

Member  l^-U^ 

Load  =32 3  lbs. 

Bending  strain  at  upper  gauge  =  77  micro. in. 

Bending  stress__-_77  x  29_“__2_1230_psiJL 
Note:  The  maximum  stress  always  occurred  at  the  upper  gauge. 

Determination  of  Observed  Maximum  Unit  Stress 

(1)  Given:  Truss  No.  1 

Member  L-.-L, 

3  u 

Load  ”  323  lbs. 

Axial  unit  stress  =  21,200  psi. 

Bending  stress  =  U,6l0  psi. 

Maximum  Tmit_stress  =  21JL200__+_UJL600_»  25,800  psi. 

(2)  Given:  Truss  No.  1 

Member  TJ^-U^ 

Load  =  323  lbs. 

Axial  unit  stress  =  7,220  psi. 

Bending  stress  at  upper  gauge  =  2,230  psi. 

0  390 

Bending  stress  at  upper  fibre  ~  "  x  2,230  =  kfilO  psi. 

Maximum  unites  tress  =  7,220  +  U,010  =  11^200 _psi . 
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Determination  of  Actual  Computed  Total  Stresses 

This  was  determined  simply  by  the  use  of  statics  assuming 
axial  loads  and  simple  connections.  The  actual  dimensions  of  the 
trusses  were  used  for  determining  slopes  of  members. 


Determination  of  Computed  Maximum  Unit  Stresses 

(1)  Given:  Truss  No.  1 

Member  L--L. 

3  4 

Load  =  323  lbs. 

P  =  5,360  lbs. 

A  =  0.250  sq.  in. 

Computed  maximum  unit  stress  =  =  21.1*00  osi. 

^  - - -  0.250  -  “  - 


(2)  Given:  Truss  No.  1 
Member 

Load  =  323  lbs. 
Length  =  21*.  1  in. 


Distance  from  gauge  to  panel  point  =  12.2  in.  or 

,„r  _  ..  ,  n  .  ,  11.9  in, 

w  -  load  per  lineal  inch 

S  =  0.268  in.* * 3 * S 

P  =  5,360  lbs. 


M 


wlx 

2 


323 

21*. 1 


21*. 1 


•11.9- 


323 

21*.  1 


11.9 

2 


11.9 


=  1920  -  950  =  970  in.  lbs. 


f 


970 

0.268 


3,620  psi.  at  top  gauge 


3,620  x 


398 

221 


6,51*0  psi.  at  top  fibre 


Axial  stress  =  ■  =  7,71*0  psi. 

Conputed_maximum_unit  stress_=_  7,71*0  +  6,51*0  =  _li*,300  psi 
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TABLE  No.l 

PROPERTIES  OE  GAUGE  SECTIONS 


Member 

Ave. 

Thick. 

in. 

Ave. 

Width 

in. 

A. 

Sq.in. 

7 

in. 

I  , 
in.4 

.S  3 

m. 

Truss  No 

D0_L1 

,i 

0.2513 

0.9729 

0.21*5 

0.126 

0.00129 

0.0102 

L1'L2 

0.21*98 

0.9951 

0.2)49 

0.125 

0.00129 

0.01035 

L2-L3 

0.2507 

O.996I* 

0.250 

0.125 

0.00131 

O.OlOi* 

L3"LU 

0.2501 

0.9980 

0.250 

0.125 

0.00130 

0.0102* 

Truss  No 

U0'L1 

.2 

0.22*99 

0.97H 

0.21*3 

0.125 

0.00126 

0.0101 

L1"L2 

0.22*54 

0.9957 

0.21*1* 

0.123 

0.00123 

0.00999 

L2“L3 

0.239U 

0.992*3 

0.238 

0.120 

0.00112* 

0.00950 

L,-L, 

j  4 

0.2399 

0.9937 

0.238 

0.120 

0.00112* 

0.00953 

Member 

Ave. 

Diam. 

in. 

A. 

Sq . in . 

y 

in. 

& 

•  S  3 
in. 

Truss  No 

Di-Li 

,i 

0.U990 

0.196 

0.250 

0.0030U 

0.0122 

CM 
4 1 

I 

i — 1 

0.1*91*1 

0.192 

0.21*7 

0.00  293 

0.0119 

U2-L2 

0.3713 

0.108 

0.187 

0.000930 

0.00500 

u2-l3 

0.3705 

0.108 

0.185 

0.000930 

0.00503 

U3~L3 

0.3726 

0.109 

0.186 

0.0009U6 

0.00508 

D3-E 

0.3693 

0.107 

0.185 

0.000913 

0  .  002*9U 

0.3725 

0.109 

0.186 

0.00091*5 

0.00508 
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TABLE  No.  1  (Cont'd) 
PROPERTIES  OF  GAUGE  SECTIONS 


Member 

Ave. 

Diam. 

in. 

A. 

Sq .  in . 

y 

in. 

i  1* 

m. 

.s  3 

m. 

Truss  No 

.2 

urLi 

0.1*  993 

0.196 

0.250 

0.00305 

0.0122 

Ul-L2 

0.5010 

0.197 

0.251 

0.00308 

0.0123 

d2-l2 

0.3712 

0.108 

0.186' 

0.000930 

0.00500 

u2-l3 

0.3752 

0.110 

0.188 

0.000966 

0.00519 

U3-l3 

0.3728 

0.109 

O.I87 

O.OOO948 

0.00507 

U3'LU 

0.3739 

0.110 

O.I87 

0.000962 

0.00511* 

VLi* 

0.371*8 

0.110 

0.188 

0.000966 

0.00519 

Note:  All  gauges 

on  upper 

chord  set  lf*  from  the  nearest  edge. 

/C  yB 

2f\ 

y\ 

A\ 

\y  / 

/c 

Member 

Ave.  A 
in. 

Ave.  B 
in. 

Ave.  C  Ave.  D 
in.  in. 

A. 

in.2 

S 

I  Top 

U  .  3 

m.  m. 

Truss  No. 

i 

U0-Ul 

1.5038 

0r2527 

1.1*910  0.2502 

0,690 

0.0586  0.269 

uru2 

1.5063 

0.2528 

1.1*878  0.2501 

0.690 

0.0581*  0.269 

<r\ 

CD 

1 

CM 

CD 

1.5101 

0.2532 

1.1*91*8  0.2501* 

0.693 

0.0592  0.268 

D3'U1* 

1.5023 

0.253U 

1.1*933  0.2508 

0.691 

0 .0589  0 . 266 

Bot. 


0.1215 

0.1215 

0,123 

0.122 
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TABLE  No.  1  (Cont'd) 
PROPERTIES  OF  GAUGE  SECTIONS 


Member 

Ave.  A 

in. 

Ave.  B 

in. 

Ave.  C 
in. 

Ave.  D 
in. 

A*  2 

m. 

I  , 
in. 

s 

Top 

in. 

S 

Bot. 

in.5 

Truss  No 

.2 

U0-Ul 

1.5030 

o.  25l*o 

1.1*885 

0.21*90 

0.689 

0.0586 

0.268 

0.122 

uru2 

1.5117 

0.2537 

1.1*997 

0.2500 

0.695 

0.0598 

0.272 

0.123 

U2”°3 

1.5106 

0.251*9 

1.1*959 

0.2503 

0.695 

0.0596 

0.271 

0.123 

u3— UU 

1.5133 

0.2539 

1.1*919 

0.21*75 

0.691 

0.0592 

0.273 

0.122 
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TABLE  No.  2 

GAUGE  APPLICATION  DATA 


NOTE:  R’s  include  the  resistance  of  the  leads  (0.0?8  ohms) 


Gauge  No. 

1 R1  Before 
Application 
Ohms 

Type  A3 

1 

119.33 

2 

118. 9k 

3 

119. kl 

k 

119.05 

5 

119.33 

*  6 

118.36 

7 

119.23 

8 

119.27 

0 

/ 

119.1k 

10 

119.07 

11 

119.02 

12 

119.3Q 

13 

119.6l 

Ik 

119.11 

15 

119.25 

16 

119.41 

17 

119.00 

18 

119.36 

19 

119.55 

*  20 

119.59 

1 R*  After 
Application 
Ohms 


Factor  =  2.05  Lot  MZ 

120.00 

119.70 

119.91 

119.61 

119.91 

119.82 

119.91 

119.77 

119.6k 

119.6k 

119.91 

120.36 

119.82 

119.91 

120.00 

119.86 

119.91 

120.09 

120.05 


Leakage  Location 

lR» 

Megohms 


50 

#1  W  Vh-Lh 

50 

#1E  VM 

50 

#2E  Vu-Lh 

50 

#2  ff  U,  -L, 

4  4 

50 

#2  E  U3-L3 

— 

— 

50 

#2  E  D2-L2 

50 

#2  W  02-L2 

50 

#2  Bot.  U,  -L, 
k  4 

50 

#2  Top  U3-L^ 

50 

#2  W  U3-L3 

50 

#2  Bot.  U2-L3 

50 

#2  Top  U2-L3 

50 

#1  E  U2-L2 

50 

#1  w  u2-l2 

50 

#1  Bot.  U2-L3 

50 

#1  Top  U2-L3 

50 

#1  E  U3-L3 

50 

0.  W  U3-L3 

0 

#1  Bot.  U0-L, 

3  4 

I  ! 


r 


- 


* 


, 
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TABLE  No.  2  (Cont'd) 

GAUGE  APPLICATION  DATA 

Gauge  No. 

,R*  Before 
Application 
Ohms 

'R1  After 
Application 

Ohms 

Leakage 

»R* 

Megohms 

Location 

21 

119.1*5 

120.05 

50 

#1  Top 

D3-Ll* 

22 

119.55 

120.00 

50 

#2  E  U 

rLi 

23 

119.91 

120.1*1 

50 

#2  ff  U. 

1“L1 

2k 

119.68 

120.32 

50 

#2  Bot. 

l’l”L2 

25 

119. 61* 

120.27 

5o 

#2  Top 

urL2 

26 

119.68 

120.27 

5o 

#1  E 

Ul-Ll 

27 

119.81* 

120.1*3 

5o 

#1  Bot. 

TJrL2 

28 

119.50 

120.11* 

0.1 

#1  w  u. 

rLi 

29 

119.86 

120.1*3 

50 

#1  Top 

VL2 

73 

119.52 

120.00 

5o 

Replace 

No.  20 

7U 

119.61 

120.09 

5o 

Replace 

No.  28 

75 

119.05 

119.59 

5o 

Compensating 

77 

119. lu 

119.68 

5o 

Replace 

No  .15 

Type  A1 

Factor  =  2.05  Lot  MI 

30 

119.61 

120.16 

50 

#2  Bot. 

VL1 

31 

119 .98 

120.16 

5o 

#2  Top 

VLi 

32 

119.66 

120.00 

5o 

#2  Bot. 

L1'L2 

33 

119.55 

120.00 

50 

#2  Top 

LrL2 

3k 

119.82* 

120.09 

50 

#2  Bot. 

L  -L 

35 

120.00 

120.25 

50 

#2  Top 

L2“L3 

36 

119.70 

120.05 

5o 

#2  Bot. 

T  „T 

^3  “k 

*  37 

119.77 

120.25 

0 

#2  Top 

L0-L, 

3  4 
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TABLE  No.  2  (Cont'd) 

GAUGE  APPLICATION  DATA 

Gauge  No* 

1 R*  Before 
Application 

Ohms 

1 R’  After 
Application 
Ohms 

Leakage 

1 R* 

Megohms 

Location 

38 

119.68 

120.00 

50 

#1  Bot. 

VLi 

39 

119.98 

120.27 

50 

#1  Top 

Vh 

ao 

119.77 

120.20 

30 

#1  Bot. 

VL2 

U1 

119.66 

120.05 

50 

#1  Top 

LrL2 

U2 

119.80 

120. LI 

50 

#1  Bot. 

l2-l3 

h3 

120.00 

120.11 

£0 

# 1  Top 

L2-L3 

hk 

119.75 

120.20 

50 

#1  Bot. 

L3"LU 

us 

119.82 

120.20 

50 

#1  Top 

L3-M 

U6 

"hi 

119.84 

Damaged 

120.11. 

50 

#2  Lower 

#2  Upper 

U0-Di 

VU1 

1*8 

119.73 

120.00 

50 

#2  Lower 

Dl-I 

49 

119.91 

120.ll* 

50 

#2  Upper 

di-u2 

50 

119.57 

120.00 

50 

#2  Lower 

U2"U3 

51 

119.68 

120.16 

50 

#2  Upper 

u2-u3 

52 

120.07 

120.36 

50 

#2  Lower 

3.  U3-Uu 

53 

119.66 

120.05 

50 

#2  Upper 

s.  v3-uu 

5U 

119.61* 

120.09 

So 

#2  Lower 

N.  U3-UU 

55 

119.86 

120.18 

So 

#2  Upper 

N.  U^-U^ 

56 

119.81* 

120.07 

So 

#1  Lower 

uo“ui 

57 

119.91 

120.52 

So 

#1  Upper 

Do"ui 

58 

119.98 

120.1*1 

So 

#1  Lower 

uru2 

59 

119.36 

119.66 

So 

#1  Upper 

Ul-°2 

* 

. 


* 
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TABLE  No. 

2  ( Cont *  d) 

GAUGE  APPLICATION  DATA 

Gauge  No 

1 R *  Before 
.  Application 

Ohms 

»R«  After 
Application 
Ohms 

Leakage 

»R» 

Megohms 

Location 

60 

119.61 

119.68 

50 

#1  Lower  U^-U^ 

61 

119.82 

120.18 

50 

#1  Upper  U2-U3 

62 

119.77 

120.09 

50 

#1  Lower  S.  U?~U^ 

63 

119.77 

119.98 

50 

#1  Upper  S.  UyU^ 

6h 

119.80 

120.05 

50 

#1  Lower  N.  U--U, 

3  U 

65 

120.02 

120. us 

50 

#1  Upper  N.  U^-U^ 

66 

119.93 

120.32 

50 

Replace  No.lt7 

67 

119.75 

120.23 

50 

Replace  No. 37 

68 

120.09 

120.18 

50 

Replace  No.UO 

69 

119.98 

120.25 

50 

Cross  Brace 

70 

119  .It  8 

120.09 

50 

Gross  Brace 

71 

120.05 

120.11 

50 

Cross  Brace 

72 

119.68 

119.80 

50 

Cross  Brace 

76 

119. 8U 

120.09 

50 

Compensating 

* 

NOTE: 

Gauge  replaced. 
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TABLE  No.  3 
‘  WEIGHTS  OF  BRICKS 


No.  of 
Bricks 

Weight 

Lbs.  Ozs. 

No.  of 
Bricks 

Yfeight 

Lbs.  Ozs. 

1 

u 

12 

1 

k 

11* 

2 

9 

10 

2 

9 

11.5 

3 

11* 

6.5 

3 

Ik 

12 

k 

1? 

6 

k 

19 

7 

5 

21* 

9 

5 

2k 

5 

6 

29 

”3 

6 

29 

1.5 

7 

3k 

9.5 

7 

33 

12.5 

8 

39 

11.5 

8 

38 

8 

9 

kk 

11 

9 

1*3 

8.5 

10 

u9 

8 

10 

1*8 

9 

11 

5l* 

k 

11 

53 

5.5 

12 

59 

U.5 

12 

58 

7 

13 

64 

0.75 

13 

63 

k 

li* 

68 

13.5 

lh 

68 

0 

15 

73 

14 

15 

73 

0 

17 

83 

9.75 

18 

88 

8 

19 

93 

7.75 

20 

98 

6.75 

21 

103 

4.5 

22 

108 

1 

23 

112 

15 

21* 

117 

12 

25 

122 

13 

Weight  of 

UO  Bricks  =  196  lbs. 

1  Course  = 

132  Bricks  =  61*7  lbs. 

— 

61*7  +  32 

=20.2  lbs. /ft/  of  truss  = 

1*0. 1*  lbs. /panel  point 

At  end  of 

test,  1*0 

bricks  weighed 

196  lbs. 
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TABLE  W0.I4. 


SWITCHES 

Lower  Cl-17 — Upper  Cl-18 


Truss  No.l 
Member  Uq-U-j_ 


Loads-lbs. 

Strains-rnicro .  in/  in . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Comp.  Comp.  Bending  Total 

Load  Cl-17  Cl-18  Cl-17  Cl-18  Strain  Stress  Stress  Stress 

Cl-18 


Stage  1* 

Stage  6 

0 

1659 

1U13 

81 

1713 

1313 

121 

1739 

1279 

162 

1761* 

1250 

202 

1789 

1218 

2U2 

1792 

1180 

283 

1800 

1151 

323 

1823 

1139 

36U 

1826 

1111 

UOU 

1832 

1088 

UUli 

1857 

1072 

1*85 

1870 

1059 

825 

1871* 

1030 

566 

Failure 

0 

0 

0 

+5U 

-100 

52 

+80 

-13U 

67 

+105 

-I63 

79 

+130 

-195 

9h 

+133 

-233 

119 

flUi 

-262 

136 

+16I4. 

-27U 

137 

+167 

-302 

156 

+173 

-325 

170 

+198 

-31*1 

173 

+211 

-351; 

178 

+215 

-383 

197 

0 

0 

0 

1510 

1390 

101*0 

191*0 

191*0 

131*0 

2290 

21*20 

l580 

2730 

2930 

1880 

3l*5o 

3300 

2380 

39ko 

3650 

2720 

3980 

3970 

271*0 

1*520 

1*21*0 

3120 

1*930 

1*1*90 

31*00 

5020 

1*870 

3l*60 

5160 

5100 

3560 

5710 

5390 

391*0 

* 
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TABLE  No.  5 


SWITCHES 

Lower  1-1 — Upper  1-2 


Truss  No. 2 
Member  Uq-U-^ 


Loads-lbs . 

Strains-micro. in/in. 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Comp.  Comp.  Bending  Total 

Load  1-1  1-2  1-1  1-2  Strain  Stress  Stress  Stress 

1-2 


Stage  It  Stage  5 


0 

1880 

1715 

0 

0 

0 

0 

0 

0 

81 

I889 

1674 

-ill 

25 

725 

h6h 

500 

121 

1894 

1657 

fill 

-58 

35 

1020 

667 

700 

162 

1901 

1641 

+21 

-7li 

hk 

1280 

870 

870 

202 

1904 

1628 

+2i| 

-87 

52 

1510 

1020 

10l|0 

2k  2 

1894 

1593 

fill 

-122 

79 

2290 

1250 

1580 

283 

1390 

1580 

|10 

-135 

90 

2610 

1305 

1800 

323 

1899 

1568 

119 

-1)47 

95 

2760 

1510 

1900 

36U 

I898 

1547 

+13 

-168 

110 

3190 

1680 

2200 

iiOU 

1901 

1530 

+21 

-185 

120 

3U80 

1890 

2)400 

Ukh 

1911 

1518 

+31 

-197 

126 

3650 

2090 

2520 

1|85 

1915 

1499 

+35' 

-216 

137 

3980 

2290 

27U0 

525 

566 

1912 

Failure 

1478 

+32 

-237 

153 

hhkO 

2UU0 

3060 
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TABLE  No. 6 
SWITCHES 

Lower  B2-10 — Upper  B2-11 


Truss  No.l  Loads-lbs. 

Member  tj-, -Up  Strains-micro . in/ in. 

Stresses-psi. 

Total  stress-lbs. 


Load 

Readings 

B2-10  B2-11 

Difference 
B2-10  B2-11 

Comp. 

Strain 

Comp . 
Stress 

Bending 

Stress 

B2-11 

Total 

Stress 

Stage  5 

Stage  2 

0 

1961 

1889 

0 

0 

0 

0 

0 

0 

81 

1923 

1829 

38 

60 

53 

15U0 

203 

1060 

121 

1908 

1799 

53 

90 

78 

2260 

33k 

1560 

162 

1892 

1768 

69 

121 

105 

3050 

k  6k 

2100 

202 

1875 

1731 

86 

158 

136 

39UO 

638 

2720 

2l|2 

1850 

1685 

111 

20U 

175 

5070 

8I4Q 

3500. 

283 

1837 

I6I48 

12k 

2I4I 

205 

5950 

10i|0 

allQ 

323 

1832 

1622 

129 

267 

22k 

6500 

1250 

u580 

36)4 

1817 

1587 

lhb 

302 

253 

73kO 

11*20 

5070 

hOh 

18014 

1560 

157 

329 

275 

7980 

1570 

5510 

kkk 

1799 

1537 

162 

352 

293 

8500 

1710 

5860 

U85 

1790 

1510 

171 

379 

31U 

9110 

1890 

6290 

525 

1772 

1U7U 

189 

1*15 

3U5 

10000 

2030 

6900 

566 

Failure 
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TABLE  Bo. 7 


SWITCHES 

Lower  1-3 — Upper  I-U 

Truss  No. 2  Loads-lbs. 

Member  U-, -U«  3tra.i  ns -micro  .in/in. 

Stresses-psi. 

Total  stress-lbs. 


Readings 

Load  1-3  I-U 


Difference  Comp.  Comp.  Bending  Total 

1-3  I-ii.  Strain  Stress  Stress  Stress 

I  -b 


Stage  U  Stage  k 


0 

13U7 

1912 

0 

0 

0 

0 

0 

0 

81 

1325 

1850 

18 

62 

U8 

1390 

U06 

970 

121 

1303 

1823 

hh 

89 

75 

2180 

h06 

1510 

162 

1293 

1799 

5U 

113 

95 

2760 

522 

1920 

202 

1287 

1772 

60 

1U0 

115 

33UO 

725 

2320 

2U2 

1261 

17  2b 

86 

188 

156 

U520 

928 

3iuo 

283 

1252 

1692 

95 

220 

181 

5250 

1130 

3650 

323 

12hh 

1672 

103 

2I4.O 

197 

5710 

1250 

3960 

36U 

1227 

1637 

120 

275 

228 

6610 

1360 

4590 

hoh 

1220 

1608 

127 

30U 

2li9 

7110 

1590 

49I|0 

hUh 

121U 

158U 

133 

328 

267 

77hO 

1770 

5380 

U85 

1205 

1558 

1U2 

35U 

288 

8350 

1910 

5800 

325 

566 

1191 

Failure 

1526 

156 

386 

3lh 

9110 

2090 

6330 
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TABLE  No. 8 


SWITCHES 

Lower  B2-12 — Upper  2-1-9 


Truss  No.l 
Member 


Loads-lbs. 

Strains-micro . in/ in . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Comp.  Comp.  Bending  Total 

Load  B2-12  2-1-9  B2-12  2-1-9  Strain  Stress  Stress  Stress 

2-1-9 


Stage  1+  Stage  5 


0 

1132 

107b 

0 

0 

0 

0 

0 

0 

81 

1111 

992 

21 

82 

63 

181+0 

551 

1270 

121 

llOU 

951 

28 

123 

93 

2700 

870 

1870 

162 

1099 

915 

33 

159 

119 

3U50 

1160 

2390 

202 

1089 

871 

b  3 

203 

153 

.  bhbo 

11+50 

3080 

2l+2 

106? 

821 

65 

253 

19b 

5630 

1710 

3900 

283 

1052 

780 

80 

29U 

227 

6580 

191+0 

1+560 

323 

1051 

71+8 

81 

326 

21+9 

7220 

2230 

5000 

361+ 

1052 

702 

100 

372 

286 

8290 

2500 

571+0 

bob 

1029 

661+ 

103 

1+10 

313 

9080 

2810 

6290 

bbb 

1028 

61+8 

101+ 

1+26 

325 

9430 

2930 

6530 

1+85 

1023 

600 

109 

bib 

350 

101+00 

331+0 

7210 

£25 

566 

1013 

Failure 

561+ 

119 

510 

387 

11200 

3570 

7770 
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TABLE  No. 9 


SWITCHES 

Lower  1-5 — Upper  1-6 


Truss  No. 2 
Member  Ug-U^ 


Loads-lbs . 

Strains-micro . in/ in  . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference 

Load  1-5  1-6  1-5  1-6 


Comp.  Comp.  Bending  Total 

Strain  Stress  Stress  Stress 

1-6 


Stage  4  Stage  4 


0 

1328 

19U9 

0 

0 

0 

0 

0 

0 

81 

1303 

1867 

25 

82 

64 

i860 

942 

1290 

121 

1298 

1833 

30 

116 

89 

2580 

1410 

1790 

162 

1281 

1810 

47 

139 

110 

3190 

1520 

2220 

202 

1272 

1770 

56 

179 

141 

4090 

1980 

2840 

242 

121*3 

1722 

85 

227 

183 

5310 

2310 

3690 

283 

1237 

1680 

91 

269 

213 

6170 

2900 

4290 

323 

1227 

1651 

101 

298 

237 

6870 

3200 

4770 

364 

1210 

1609 

118 

340 

274 

7950 

3450 

5520 

404 

1202 

1572 

126 

377 

299 

8670 

4080 

6020 

444 

1198 

15U1 

130 

408 

321 

9310 

4550 

6470 

485 

1188 

1503 

llj.0 

446 

351 

10180 

4980 

7070 

525 

566 

1180 

Failure 

1U77 

148 

472 

371 

10750 

5290 

7470 

SWITCHES 

Lower  South  2-1-10  Upper  South  2-2-1  Lower  North  2-2-2  Upper  North  2-2-3 
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TABLE  Wo.  12 


SWITCHES 

Bottom  2-2-U — Top  2-2-5 


Truss  No.l 
Member  Uq-I.^ 


Loads-lbs. 
Strains-micro . in/ in , 
Stresses-psi. 

Total  stress-lbs. 


Load 

Readings 

2-2-h  2-2-5 

Difference 
2-2-1*  2-2-5 

Tension 

Strain 

Tension 

Stress 

Bending 

Stress 

Total 

Stress 

0 

Stage  5 

3l*5 

Stage  6 

hho 

0 

0 

0 

0 

0 

0 

81 

359 

630 

11* 

190 

102 

2960 

2550 

725 

121 

335 

710 

ho 

270 

155 

1*1*90 

331*0 

1100 

162 

1*19 

?80 

7h 

31*0 

207 

6000 

3860 

11*70 

202 

1*51 

81*9 

106 

1*09 

258 

71*80 

1*1*00 

1830 

2i*2 

1*82 

899 

137 

1*59 

298 

861*0 

1*670 

2120 

283 

518  . 

960 

173 

520 

347 

1*00 

10700 

501*0 

2620 

323 

56u 

1021 

219 

581 

11600 

5250 

2850 

361* 

600 

1070 

255 

630 

hh3 

12800 

5i*l*o 

3X1*0 

1*01* 

6/*2 

1122 

297 

682 

1*90 

11*200 

5590 

31*80 

hhh 

691 

1182 

3h6 

71*2 

5UU 

15800 

571*0 

3870 

1*85 

7 1*0 

1239 

395 

799 

597 

17300 

5860 

1*21*0 

525 

787 

1292 

hh2 

852 

61*7 

18800 

591*0 

1*600 

566 

Failure 
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TABLE  No.  13 


SWITCHES 

Bottom  1-11  Top  1-12 


Truss  No. 2 
Member  Uq-L^ 


Loads-lbs. 

Strains -micro. in/in. 
Stresses-psi. 

Total  stress-lbs. 


Load 

Readi 

1-11 

ngs 

1-12 

Difference 
1-11  1-12 

Tension 

Strain 

Tens  ion 
Stress 

Bending 

Stress 

Total 

Stress 

Stage  6 

Stage  6 

0 

33 

61 

0 

0 

0 

0 

0 

0 

81 

lh9 

128 

116 

67 

92 

2670 

710 

61*9 

121 

203 

161* 

172 

103 

138 

1*000 

1000 

973 

162 

262 

209 

229 

ll*8 

189 

51*80 

1180 

1330 

202 

318 

2h9 

285 

188 

237 

6870 

11*10 

1670 

21*2 

369 

281 

336 

220 

278 

8070 

1680 

I960 

283 

U15 

317 

382 

256 

319 

921*0 

1830 

2250 

323 

J48O 

362 

1*1*7 

301 

37k 

10800 

2120 

261*0 

36U 

326 

l*oo 

1*9  3 

339 

1*16 

12100 

2230 

2940 

hok 

383 

UU6 

550 

385 

1*68 

13600 

2390 

3300 

kkk 

61*8 

1*98 

615 

U37 

526 

15250 

2580 

3710 

U85 

692 

533 

659 

1*71* 

567 

161*00 

2680 

1*000 

525 

738 

380 

70S 

519 

612 

17700 

2750 

1*310 

366 

Failure 
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TABLE  No.  14 
SWITCHES 

Bottom  2-2-6  Top  2-2-7 


Truss  No.l 
Member  L^-L^ 


Loads-lbs# 

Strains-micro.  in/in. 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Tension  Tension  Bending  Total 

Load  2-2-6  2-2-7  2-2-6  2-2-7  Strain  Stress  Stress  Stress 


Stage  6  Stage  5 


0 

102 

1*77 

81 

252 

517 

121 

320 

51*8 

162 

330 

580 

202 

U33 

611 

2i*2 

U79 

61*2 

283 

529 

697 

323 

582 

732 

361* 

621* 

763 

1*01* 

671 

803 

1*1*1* 

721* 

835 

1*85 

775 

880 

525 

821 

921* 

566 

Failure 

0 

0 

0 

150 

1*0 

95 

218 

71 

11*5 

278 

103 

191 

33 1  - 

13U 

233 

377 

165 

271 

1*27 

220 

321* 

1*80 

255 

368 

522 

286 

1*01* 

569 

326 

1*1*8 

622 

358 

1*90 

673 

1*03 

538 

719 

1*1*7 

583 

0 

0 

0 

2760 

1600 

688 

1*210 

2130 

1050 

551*o 

251*0 

1380 

6760 

2860 

1680 

7860 

3080 

I960 

9l*oo 

3010 

231*0 

10700 

3270 

2660 

11700 

31*20 

2920 

13000 

3530 

321*0 

11*200 

3830 

35UO 

15600 

3920 

3890 

16900 

3950 

1*210 

81 


TAB  IE  No.  15 
SWITCHES 

Bottom  2-1-4  Top  2-1-5 


Truss  No .2 
Member  L-^-L^ 


Loads-lbs. 

Strains -micro. in/ in. 
Stresses-psi. 

Total  stress-lbs. 


Headings  Difference  Tension  Tension  Bending  Total 

Load  2-1-4  2-1-5  2-1-4  2-1-5  Strain  Stress  Stress  Stress 


Stage  5  Stage  5 


0 

389 

312 

0 

0 

0 

0 

0 

0 

81 

55? 

308 

166 

-4 

81 

2350 

21*70 

573 

121 

632 

322 

243 

314 

10 

127 

3680 

3380 

898 

162 

703 

345 

33 

174 

5050 

1*080 

1230 

202 

756 

359 

367 

47 

207 

6010 

1*61*0 

1470 

242 

809 

378 

420 

66 

243 

7050 

5150 

1720 

283 

867 

40? 

478 

95 

287 

8620 

5550 

2100 

323 

928 

442 

539 

130 

335 

9720 

59U0 

2373 

364 

980 

471 

591 

159 

375 

10900 

6260 

2660 

404 

1037 

509 

648 

197 

423 

12300 

6550 

3000 

444 

1088 

544 

699 

232 

466 

13500 

6780 

3300 

485 

111*9 

588 

760 

276 

518 

15000 

7030 

3670 

525 

566 

1198 

Failure 

62U 

809 

312 

561 

16300 

7210 

3980 
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TABLE  No.  16 


SWITCHES 

Bottom  2-2-8  Top  2-2-9 


Truss  No.l 

Member  L^-L^ 


Loads-lbs. 

Strain  s-mic  r o . in/ in . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Tension  Tension  Bending  Total 

Load  2-2-8  2-2-9  2-2-8  2-2-9  Strain  Stress  Stress  Stress 


Stage  7  Stage  9 


0 

69 

751 

81 

21+1 

871* 

121 

328 

9  1*5 

162 

Ido 

1011 

202 

1*88 

1078 

2U2 

558 

112*0 

283 

628 

1209 

323 

708 

1285 

364 

775 

13U9 

uOU 

81*9 

11*22 

1M 

927 

11*93 

485 

1000 

1560 

529 

1072 

162*8 

966 

Failure 

0 

0 

0 

172 

123 

12*8 

299 

191* 

227 

3ul 

260 

301 

hl9 

327 

373 

U89 

389 

1*39 

999 

1*58 

509 

639 

531* 

587 

706 

598 

652 

780 

671 

726 

898 

71*2 

800 

931 

809 

870 

1003 

897 

950 

0 

0 

0 

U290 

710 

1070 

6980 

91*0 

162*0 

8730 

1180 

2180 

10800 

1330 

2700 

12790 

11*50 

3180 

1U800 

11*70 

3700 

17000 

1530 

1*250 

1*720 

18900 

1570 

21100 

1580 

5270 

23200 

1680 

5800 

29300 

1770 

6330 

27600 

151*0 

6900 
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TABLE  No.  17 


SWITCHES 
Bottom  2-1-6  Top 

Truss  No. 2 
Member  Lg-L^ 


2-1-7 

Loads-lbs. 

Strain s-micro . in/ in. 
Stresses-psi. 

Total  Stress-lbs. 


Readings  Difference  Tension  Tension  Bending  Total 

Load  2-1-6  2-1-7  2-1-6  2-1-7  Strain  Stress  Stress  Stress 


Stage  5  Stage  6 


0 

61*1 

1*91 

0 

0 

0 

0 

0 

0 

81 

809 

618 

168 

121 

1U5 

1*210 

680 

1000 

121 

89U 

689 

253 

198 

226 

6560 

71*5 

1560 

162 

977 

758 

336 

267 

302 

8760 

1000 

2080 

202 

101*7 

817 

U06 

326 

366 

10600 

1160 

2560 

2U2 

1111* 

877 

1*73 

386 

L30 

12500 

1260 

2980 

283 

1192 

91*8 

551 

1*57 

50l* 

11*600 

1360 

31*80 

323 

1275 

1020 

63I* 

529 

582 

16900 

1520 

1*020 

361* 

1351 

1089 

710 

589 

651* 

19000 

1630 

i*5io 

I*0Z* 

11*32 

1162 

791 

671 

731 

21200 

171*0 

5o5o 

hhk 

1510 

1231* 

869 

7i*3 

806 

231*00 

1830 

5560 

1*85 

1599 

1318 

958 

827 

893 

25900 

1900 

6150 

52.5 

566 

1677 

Failure 

1390 

1036 

899 

968 

27100 

1990 

61*1*0 

81; 


TABLE  No.  18 
SWITCHES 

Bottom  2-2-10  Top  A1  -1 


Truss  No.l 

Member  1~-L, 
3  h 


Loads-lbs. 

Strain s-micro  .in/in. 
Stresses-psi. 

Total  stress-lbs. 


Load 

Readings 

2-2-10  A 1-1 

Difference 
2-2-10  A 1-1 

Tension 

Strain 

Tension 

Stress 

Bending 

Stress 

Total 

Stress 

Stage  6 

Stage  6 

0 

181 

160 

0 

0 

0 

0 

0 

0 

81 

hhO 

270 

259 

110 

185 

5370 

2160 

131*0 

121 

570 

3U1 

389 

181 

285 

8270 

3020 

2070 

162 

678 

1*15 

1*97 

255 

376 

10900 

3510 

2720 

202 

779 

1*91 

598 

331 

1*65 

13500 

3870 

3380 

2L2 

877 

561* 

6 96 

uou 

550 

15900 

1*230 

3980 

283 

973 

61*5 

792 

U85 

639 

18500 

1*1*50 

i*620 

323 

1073 

731* 

892 

57U 

733 

21200 

1*610 

5300 

36U 

1170 

812 

989 

652 

821 

23800 

1*890 

5950 

hoh 

1263 

898 

1082 

738 

910 

26UOO 

1*990 

6600 

hku 

1362 

982 

1181 

822 

1002 

29100 

5200 

7270 

U85 

1500 

1077 

1319 

917  ' 

1118 

32UOO 

5830 

8100 

525 

566 

1592 

Failure 

1158 

11*11 

998 

1205 

35000 

5990 

8750 
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TABLE  No.  19 


SWITCHES 

Bottom  2-1-8  Top  2-1-1 


Truss  No. 2 
Manber  L-^-L^ 


Loads-lbs. 

Strain s-micro . in/ in . 
Stresses-psi, 

Total  stress-lbs. 


Load 

Readings 

2-1-8  2-1-1 

Difference 
2-1-8  2-1-1 

Tension 

Strain 

Tension 

Stress 

Bending 

Stress 

Total 

Stress 

0 

Stage  5 
J4.87 

Stage  6 
307 

0 

0 

0 

0 

0 

0 

81 

689 

1*66 

202 

159 

181 

5250 

625 

1253 

121 

790 

558 

303 

251 

277 

8040 

755 

1920 

162 

888 

6k? 

U01 

3d  2 

372 

10800 

855 

2570 

202 

97i* 

730 

U87 

423 

U55 

13200 

930 

311*0 

2U2 

1060 

808 

573 

501 

537 

15600 

1050 

3720 

283 

111*8 

891 

661 

58U 

623 

18100 

1120 

1*310 

323 

121*5 

981 

758 

67U 

716 

20800 

1220 

1*950 

36U 

1339 

IO69 

852 

762 

807 

231*00 

1310 

$70 

uOU 

11*33 

1161 

9k6 

85U 

900 

26100 

1340 

6220 

huu 

1528 

1251 

10kl 

9hU 

993 

28800 

11*10 

6860 

U85 

1632 

1351 

11U5 

10hk 

1095 

31800 

1U60 

7570 

525 

1727 

ll*90 

12A0 

1193 

1217 

35250 

680 

81*00 

566 

Failure 

86 


TABLE  No.  20 
SWITCHES 

West  C2-13  East  C2-11* 


Truss  No.l  Loads-lbs. 

Member  U-, -L-,  Strains-micro.in/in. 

Stress es-p si. 

Total  stress-lbs. 


Readings  Difference  Comp.  Comp.  Bending  Total 

Load  C2-13  C2-11*  C2-13  C2-11*  Strain  Stress  Stress  Stress 


Stage  6  Stage  7 


0 

1559 

1378 

0 

0 

0 

0 

0 

0 

81 

1620 

1230 

61 

11*8 

1*1* 

1280 

3030 

251 

121 

161*7 

1158 

88 

220 

66 

1910 

1*1*70 

374 

162 

1668 

1089 

109 

289 

90 

2610 

5770 

511 

202 

1688 

1028 

129 

350 

111 

3220 

6950 

631 

21*2 

1701 

960 

11*2 

1*18 

138 

1*000 

8120 

781* 

283 

1703 

900 

11*1* 

1*78 

167 

1*81*0 

9020 

9  69 

323 

1711* 

850 

155 

528 

187 

51*30 

9900 

1060 

361* 

1721* 

799 

165 

579 

207 

6000 

10780 

1180 

1*01* 

173a 

7U8 

175 

630 

228 

6610 

11700 

1300 

hhh 

171*3 

695 

181* 

683 

250 

7250 

12600 

11*20 

U85 

1767 

61*3 

208 

735 

261* 

7660 

13700 

1500 

225 

566 

1763 

Failure 

580 

201* 

798 

297 

8620 

11*500 

1690 
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TABLE  No.  21 
SWITCHES 

West  Al-U  East  Al-5 


Truss  No. 2 
Ivierriber  U^-L^ 


Loads-lbs. 

Strains-micro .in/in . 
Stresses-psi. 

Total  stress-lbs. 


Readings 

Load  Al-L  Al-5 


Difference  Comp.  Comp.  Bending  Total 
Al-U  Al-5  Strain  Stress  Stress  Stress 


Stage  7  Stage  6 


0 

1896 

1209 

0 

0 

0 

0 

0 

0 

81 

1780 

1227 

116 

18 

49 

11*20 

191*0 

278 

121 

1728 

1232 

168 

23 

73 

2120 

2770 

416 

162 

1677 

1236 

219 

27 

96 

2780 

3570 

5a5 

202 

1632 

12U0 

26d 

31 

117 

3390 

4280 

66L 

2U2 

1573 

1230 

323 

21 

151 

4380 

1*990 

860 

283 

1531 

1230 

365 

21 

172 

1*990 

5600 

978 

323 

11*80 

1229 

Ui  6 

20 

198 

5740 

6320 

1120 

36k 

1437 

1231 

U59 

22 

219 

6360 

6970 

1250 

kou 

1386 

1229 

510 

20 

2L5 

7110 

7690 

1390 

hkk 

1339 

1231 

557 

22 

268 

7770 

81*00 

1520 

hW 

1298 

1232 

598 

23 

288 

8350 

9000 

16L0 

5 2 5 

12U5 

1228 

651 

19 

316 

9170 

9705 

1800 

566 

Failure 
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TABLE  No.  22 


SWITCHES 

Bottom  C2-15  Top  C2-16 


Loads-lbs. 

Strains-micro . in/ in . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Dif feren  ce  Tension  Tension  Ben. ding  Total 

Load  02-15  C2-16  02-15  C2-16  Strain  Stress  Stress  Stress 


Truss  No.l 
Member 


Stage  9  Stage  9 


0 

261 

238 

0 

0 

0 

0 

0 

0 

81 

337 

329 

76 

91 

8i* 

21*1*0 

217 

1*68 

121 

371 

372 

110 

131* 

122 

351*0 

31*8 

680 

162 

1*10 

1*17 

11*9 

179 

161* 

1*760 

1*35 

911* 

202 

1*1*7 

i|60 

186 

222 

201* 

5920 

521 

111*0 

21*2 

1*78 

U97 

217 

259 

238 

6900 

609 

1320 

283 

5oi* 

539 

21*3 

301 

272 

7880 

81*0 

1510 

323 

557 

583 

296 

31*5 

321 

9310 

710 

1790 

36k 

598 

628 

337 

390 

361* 

10600 

768 

2030 

1*01* 

638 

672 

377 

1*31* 

1*06 

11750 

825 

2260 

1*1*1* 

673 

712 

1*12 

1*71* 

1*1*3 

12800 

900 

21*70 

1*8$ 

718 

758 

1*57 

520 

1*89 

11*200 

913 

2730 

525 

566 

7i*8 

Failure 

79h 

1*87 

556 

522 

15100 

1000 

2900 

89 


TABLE  No.  23 
SWITCHES 

Bottom  Al-6  Top  A2-1 


Truss  No. 2 
Member  U-^-^ 


Loads-lbs. 

Strains-micro . in/ in . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Tension  Tension  Bending  Total 

Load  Al— 6  A2-1  Al-6  A2-1  Strain  Stress  Stress  Stress 


Stage  8  Stage  8 


0 

U98 

318 

0 

0 

0 

0 

0 

0 

81 

607 

362 

109 

bb 

77 

2230 

9ii0 

b39 

121 

660 

391 

162 

73 

118 

3320 

1290 

6£U 

162 

709 

1+22 

211 

10ii 

l£8 

U£8o 

1560 

903 

202 

7£8 

U52 

260 

1 3b 

197 

£720 

1830 

1130 

2U2 

798 

h7U 

300 

l£6 

228 

6610 

2090 

1300 

283 

8U£ 

508 

3b7 

190 

269 

7800 

2280 

l£40 

323 

881 

53U 

383 

216 

300 

8700 

21+20 

1710 

36U 

931 

573 

433 

2££ 

3bb 

9970 

2580 

i960 

UOU 

973 

608 

U7£ 

290 

383 

11100 

2680 

2190 

m 

1011 

61(2 

£13 

32U 

U19 

12200 

271(0 

2390 

U8£ 

1060 

682 

£62 

36U 

463 

13400 

2870 

2640 

£2£ 

1098 

711 

600 

393 

b9  7 

IL4OO 

3010 

28I4.O 

£66  Failure 
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TABLE  No.  2h 
SWITCHES 

West  C2-17  East  C2-18 


Truss  No.l  Loads-lbs. 

Member  Up-L?  Strains -micro . in/ in . 

^  ^  Stresses-psi. 

Total  stress-lbs. 


Load 

Readings 

C2-17  C2-18 

Difference 
C2-17  C2-18 

Comp. 

Strain 

Comp. 

Stress 

Bending 

Stress 

Total 

Stress 

Stage  k 

Stage  5 

0 

1830 

1572 

0 

0 

0 

0 

0 

0 

81 

1752 

1552 

78 

20 

U9 

11*20 

825 

153 

121 

1712 

15U5 

118 

27 

73 

2120 

1320 

229 

162 

1672 

1533 

158 

39 

99 

2870 

1730 

310 

202 

1632 

1328 

198 

kh 

121 

3510 

221*0 

379 

2U2 

1579 

1505 

251 

67 

159 

1*610 

2670 

497 

283 

1532 

11*93 

298 

79 

189 

51*80 

3180 

593 

323 

ld89 

1UU8 

li*8l* 

3kl 

88 

215 

621*0 

3670 

674 

36U 

lu73 

382 

9-9 

2U1 

7000 

1*100 

756 

iiOU 

1U03 

11*61* 

U27 

108 

268 

7770 

1*630 

8I4.O 

hhh 

1362 

11*37 

U68 

115 

292 

81*70 

5120 

915 

U85 

1313 

li*U5 

517 

127 

322 

93U0 

5650 

1010 

525 

566 

1261 

Failure 

li*26 

569 

lij.6 

358 

101*00 

6150 

1120 
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TABLE  No.  25 
SWITCHES 

West  A2-2  East  A2-3 


Truss  No. 2 
Member  U2-L2 


Loads-lbs. 

Strains-micro . in/in . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Comp.  Comp.  Bending  Total 

Load  A2-2  A2-3  A2-2  A2-3  Strain  Stress  Stress  Stress 


Stage  5  Stage  5 


0 

1950 

1521 

0 

0 

0 

0 

0 

0 

81 

1948 

1422 

2 

99 

51 

1U80 

1U10 

160 

121 

19U0 

1373 

10 

11*8 

79 

2290 

2000 

2U8 

162 

1930 

1325 

20 

196 

108 

3130 

2550 

338 

202 

1925 

1282 

25 

239 

132 

3830 

3110 

iau 

2U2 

1908 

1227 

1*2 

291* 

168 

1*870 

3660 

526 

283 

1898 

1181 

52 

3U0 

196 

5680 

4320 

6ll* 

323 

1587 

1130 

63 

391 

227 

6580 

U75o 

710 

3  61* 

1879 

1088 

71 

1*33 

252 

7310 

5250 

790 

1*01* 

1868 

1038 

82 

1*83 

283 

8210 

58oo 

877 

1*1*1* 

1859 

990 

91 

531 

311 

9020 

6380 

97U 

1*85 

1853 

9U8 

97 

573 

335 

9720 

6900 

1050 

525 

566 

1839 

Failure 

887 

111 

63U 

373 

10800 

7600 

1170 
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TABLE  No.  26 
SWITCHES 

Bottom  Cl-13  Top  Cl-lL 


Truss  No.l 
Member  U^-L^ 


Loads-lbs. 

Strains-micro . in/ in . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Tension  Tension  Bending  Total 

Load  Cl-13  Cl-lL  Cl-13  Cl-lL  Strain  Stress  Stress  Stress 


Stage  7  Stage  9 


0 

312 

819 

81 

LI  2 

905 

121 

L68 

950 

162 

511 

988 

202 

558 

1032 

2U2 

597 

1067 

283 

6L5 

1107 

323 

689 

11U8 

36L 

73L 

1191 

hOU 

781 

1232 

bbb 

822 

1272 

L85 

869 

1318 

525 

909 

1352 

566 

Failure 

0 

0 

0 

100 

86 

93 

ILL 

156 

131 

199 

169 

18L 

2L6 

213 

230 

285 

2L8 

267 

333 

288 

311 

377 

329 

353 

L22 

372 

397 

L69 

L13 

LLl 

510 

L53 

L82 

557 

L99 

528 

597 

533 

565 

0 

0 

0 

2700 

203 

292 

Ul80 

362 

L52 

53LO 

L35 

577 

6670 

L78 

720 

77LO 

535 

835 

9020 

652 

97b 

10200 

695 

1110 

11500 

725 

12L0 

12800 

810 

1380 

1L000 

825 

1510 

15300 

8L0 

1660 

16L00 

927 

1770 

93 


TABLE  No.  27 
SWITCHES 

Bottom  A2-1;  Top  A2-5 


Truss  No .2 
Member  Ug-L^ 


Loads-lbs. 

Strains-micro . in/in . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Tension  Tension  Bending  Total 

Load  A2-U  A2-5  A2-U  A2-5  Strain  Stress  Stress  Stress 


Stage  7  Stage  8 


0 

138 

682 

0 

0 

0 

0 

0 

0 

81 

222 

758 

8h 

76 

80 

2320 

116 

256 

121 

268 

799 

130 

117 

12  k 

3600 

188 

396 

162 

305 

839 

167 

157 

162 

U700 

1JU5 

517 

202 

3h7 

880 

209 

198 

20b 

5920 

159 

651 

2l;2 

379 

917 

2L1 

235 

238 

6900 

87 

759 

283 

Ul8  . 

960 

280 

278 

279 

8090 

29 

890 

323 

U5i 

999 

313 

317 

315 

91U0 

58 

1050 

36U 

U98 

lDhk 

360 

362 

361 

10500 

29 

1150 

hOh 

537 

1089 

399 

U07 

hO  3 

11700 

116 

1290 

hhh 

573 

1132 

1435 

u5o 

hh3 

12800 

217 

Ihio 

U85 

6l8 

1182 

U80 

500 

U90 

lli.200 

290 

1560 

525 

566 

651 

Failure 

1217 

513 

535 

52U 

15200 

319 

1670 

95 


TABLE  No.  28 


SWITCHES 

West  Cl-15  East  Cl-16 


Truss  No.l 
Member  U^-L^ 


Loads-lbs. 

Strains-micro . in/in . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Comp.  Comp.  Bending  Total 

Load  Cl-15  Cl-16  Cl-15  Cl-16  Strain  Stress  Stress  Stress 


Stage  6  Stage  5 


0 

1692 

1919 

0 

0 

0 

0 

0 

0 

81 

1662 

1881 

30 

38 

35 

986 

116 

107 

121 

161*8 

1862 

55 

57 

51 

li*80 

189 

161 

162 

1628 

181*7 

65 

72 

68 

1970 

116 

215 

202 

1611 

1828 

81 

91 

86 

2500 

155 

272 

2U2 

1581* 

1800 

108 

119 

115 

33 10 

160 

360 

283 

1568 

1782 

12h 

137 

131 

3800 

189 

515 

323 

151*9 

1768 

153 

151 

157 

1*270 

116 

565 

36L 

1532 

171*8 

160 

171 

166 

1*820 

160 

526 

505 

1512 

1729 

180 

190 

185 

5370 

155 

585 

khk 

1U92 

1709 

200 

210 

205 

5950 

155 

6u9 

585 

11*72 

1690 

220 

229 

225 

6530 

131 

712 

525 

566 

11*1*0 

Failure 

1670 

252 

269 

261 

7570 

257 

825 

95 


TABLE  No,  29 
Sl/VITCHES 

West  A2-6  East  Bl-7 


Truss  No, 2 
Member  U^-L^ 


Loads-lbs. 

Strain s~micro , in/in . 
Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Comp.  Comp,  Bending  Total 

Load  A2-6  Bl-7  A2-6  Bl-7  Strain  Stress  *  Stress  Stress 


Stage  U  Stage  5 


0 

1882 

1928 

0 

0 

0 

0 

0 

0 

81 

1888 

i860 

6 

-68 

31 

899 

1070 

98 

121 

1890 

1830 

8 

-98 

ii5 

1300 

I5u0 

1U2 

162 

1888  ■ 

1799 

6 

-129 

62 

1800 

i960 

196 

202 

1888 

1769 

6 

-159 

77 

2230 

2390 

2U3 

2U2 

1872 

1729 

-10 

-199 

95 

2760 

271*0 

301 

283 

1869 

1699 

-13 

-229 

108 

3130 

3130 

3U1 

323 

i860 

1661 

-22 

-267 

1U5 

u  210 

3560 

u59 

36U 

1861 

1635 

-21 

-293 

157 

u55o 

39UO 

h97 

hoh 

1856 

1598 

-26 

-330 

178 

5170 

410 

56u 

UUU 

1856 

1561 

-26 

-367 

197 

57io 

U950 

622 

485 

1858 

1537 

-2U 

-391 

208 

60U0 

5320 

658 

525 

566 

I870 

Failure 

11*69 

-12 

-U59 

236 

681±0 

61*90 

7ii5 

. 


-  '  o *-*li />  J-'s'oV; 


« 
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TABLE  No.  30 
SWITCHES 

Bottom  B2-8  Top  B2-9 


Truss  No.l 

Member  U-.-L, 
3  4 


Loads-lbs. 

Strains-micro .in/in . 
Stresses-psi. 

Total  stress-pounds 


Readings  Difference  Tension  Tension  Bending  Total 

Load  B2-8  B2-9  B2-8  B2-9  Strain  Stress  Stress  Stress 


Stage  7  Stage  7 


0 

259 

639- 

0 

0 

0 

0 

0 

0 

81 

308 

658 

1*9 

19 

3U 

986 

1*35 

loi* 

121 

33 1 

669 

72 

30 

51 

I48O 

610 

158 

162 

3h9 

680 

90 

U1 

66 

1910 

710 

201* 

202 

371 

693 

112 

51* 

83 

2L10 

81*0 

256 

21*2 

38U 

698 

125 

59 

92 

2670 

955 

286 

283 

U09 

709 

150 

70 

110 

3190 

1160 

31*2 

323 

U28 

721 

169 

82 

126 

3660 

1260 

392 

36/* 

U51 

739 

192 

100 

1U6 

1*230 

131*0 

1*53 

hoh 

U69 

752 

210 

113 

162 

1*700 

11*10 

503 

1*1*1* 

b90 

769 

231 

130 

181 

5250 

11*70 

561 

1*85 

503 

796 

2h9 

157 

203 

5890 

131*0 

630 

525 

566 

520 

Failure 

793 

261 

iSk 

208 

60U0 

1550 

61*6 
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TABLE  No.  31 
SWITCHES 

Bottom  Bl-8  Top  Bl-9 


Truss  No. 2  Loads-lbs. 

Member  IL-L.  Strains-micro. in/in. 

^  4  Stresses-psi. 

Total  stress-lbs. 


Readings  Difference  Tension  Tension  Bending  Total 

Load  Bl-8  Bl-9  Bl-8  Bl-9  Strain  Stress  Stress  Stress 


Stage  6  Stage  6 


0 

1*09 

3 

0 

0 

0 

0 

0 

0 

81 

1*1*  2 

3U 

33 

31 

32 

928 

29 

102 

121 

1*58 

5i 

h9 

h8 

h9 

11*20 

la 

156 

162 

1+70 

62 

61 

59 

60 

171*0 

29 

191 

202 

1*88 

80 

79 

77 

78 

2260 

29 

2U8 

2U2 

1*97 

88 

88 

85 

87 

2520 

b3 

211 

283 

511* 

103 

105 

100 

103 

2980 

13 

328 

323 

523 

112 

liU 

109 

112 

3250 

13 

358 

36U 

51*6 

131 

137 

128 

133 

3860 

130 

k2k 

hoh 

562 

1U8 

153 

1U5 

1U9 

1*320 

116 

hl6 

hhk 

578 

I6h 

169 

161 

165 

1*780 

116 

526 

U85 

605 

192 

196 

189 

193 

5590 

101 

615 

525 

566 

611* 

Failure 

198 

205 

195 

200 

5800 

ia5 

638 
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TABLE  No.  32 


SWITCHES 

West  Bl-12  East  B2-7 


Truss  No.l  Loads-lbs. 

Member  l)«  -L,  Strains-micro .in/in. 

^  ^  Stresses-psi. 

Total  stress-lbs. 


Load 

Readings 
Bl-12  B2-7 

Difference 
Bl-12  B2-7 

Comp . 
Strain 

Comp. 

Stress 

Bending 

Stress 

Total 

Stress 

Stage  6  Stage  5 

0 

11*19 

1373 

0 

0 

0 

0 

0 

0 

81 

1389 

1367 

30 

6 

18 

522 

3U9 

57 

121 

1378 

1360 

1*1 

13 

27 

783 

1*06 

85 

162 

1360 

1350 

59 

23 

Ul 

1090 

522 

119 

202 

13W 

131*5 

71 

28 

50 

il*5o 

621* 

158 

2h2 

1328 

1328 

91 

U5 

68 

1970 

667 

215 

28  3 

1311* 

1315 

105 

58 

82 

2380 

681 

260 

323 

1301 

1306 

118 

67 

93 

2700 

71*0 

29  U 

364 

1290 

1299 

129 

74 

102 

2960 

797 

323 

hoh 

1277 

1290 

11*2 

83 

113 

31*80 

855 

379 

UUL 

1262 

1280 

157 

93 

125 

3630 

928 

396 

U85 

1253 

1271 

166 

102 

13U 

3890 

928 

U2U 

525 

121*2 

121*8 

177 

125 

151 

1*380 

751* 

U78 

566  Failure 
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TABLE  No.  33 


SWITCH  ES 

West  Bl-10  East  Bl-11 


Truss  No. 2 

Member  U,  -L, 
4  4 


Loads-lbs. 

Strain s-micro .in/in . 
Stresses-psi. 

Total  stress-lbs. 


Load 

Readings 

Bl-10  Bl-11 

Difference 
Bl-10  Bl-11 

Comp. 

Strain 

Comp . 
Stress 

Bending 

Stress 

Total 

Stress 

0 

Stage  k  Stage  6 

1718  1202 

0 

0 

0 

0 

0 

0 

81 

1698 

1190 

20 

12 

16 

1*74 

116 

52 

121 

1688 

1183 

30 

19 

25 

725 

160 

80 

162 

1673 

1173 

1*5 

29 

37 

1070 

232 

118 

202 

1660 

1169 

58 

33 

b6 

1330 

363 

11*6 

2U2 

1638 

1151 

11U9 

80  ■ 

51 

66 

1910 

1*21 

210 

283 

1629 

89 

53 

71 

2060 

520 

226 

323 

1611 

1137 

107 

65 

86 

2500 

610 

275 

36U 

1602 

113U 

116 

68 

92 

2670 

695 

29JU 

hpk 

1589 

1123 

129 

79 

IO4 

3020 

725 

332 

hub 

1581 

1112 

137 

90 

111* 

3310 

380 

360 

U85 

I57i» 

1111 

11*1* 

91 

118 

3420 

769 

376 

523 

1552 

1087 

166 

115 

11*1 

I4.O8O 

7U0 

UU8 

566 

Failure 
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TABLE  No 


3k 


DEFLECTIONS  IN  INCHES 


Load 

Readings 

Deflections 

No. 2 
Ruler 

No.l 

Ames  Dial 

No.l 

Ruler 

No.  2 
Ruler 

No.l 

Ames  Dial 

No.l 

Ruler 

0 

8-ij.O 

7.10 

0 

0 

0 

81 

8.39 

9.999 

7.09 

0.01 

0.01 

Reset 

Correct  to 

81 

7.03 

0.01 

121 

8 .31* 

9.937 

6.97 

0.06 

0.07 

0.06 

162 

8.28 

9.880 

6.92 

0.12 

0.13 

0.12 

202 

8.23 

9.82k 

6.87 

0.17 

0.185 

0.17 

21*2 

8.17 

9.772 

6.82 

0.23 

0.21* 

0.22 

283 

9.722 

6.78 

0.29 

0.26 

323 

6.72 

0.32 

Reset 

Reset 

Correct  to 

323 

9.939 

6.7k 

0.32 

36k 

9.890 

6.6 9 

0.37 

0.37 

hOk 

kkk 

6.62 

6.57 

0.1*2 

0.1*7 

UuU 

u85 

525 

566 


Failure 


From  Floor 

7.L5 

7.53 

7.58 


0.55 

0.60 


.... 


TABLE  No.  35> 
TENSION  TEST 


Truss  No.l  Strains-micro.in./in. 

Member  U0-L-.  Load-lbs. 

1  Unit  Stress-psi. 


Load 

Readings 

Bottom  Top 

Difference 
Bottom  Top 

Mean 

Strain 

Unit 

Stress 

0(20) 

Stage  5 

1*0 

Stage  6 

1*52 

0 

0 

0 

82 

525 

123 

518 

83 

66 

75 

2150 

790 

158 

557 

118 

107 

113 

3230 

1210 

216 

621 

176 

179 

178 

4990 

1520 

259 

666 

219 

211* 

217 

6220 

1970 

319 

733 

279 

281 

280 

8060 

3050 

1*6  3 

899 

1*23 

1*1*7 

1*35 

12500 

3950 

583 

101*7 

51*3 

595 

569 

16200 

5075 

732 

1203 

692 

751 

722 

20800 

5980 

85U 

13U0 

811* 

,  888 

85l 

21(500 

6950 

982 

11*83 

91*2 

1031 

987 

281(50 

7930 

1118 

1623 

1078 

1171 

1125 

3  21(50 

8960 

1268 

1765 

1228 

1313 

1271 

36700 

9880 

11*01 

1891 

1361 

11*39 

I4OO 

1(01(00 

9880 

10600 

1U675 

Yield  Point 
Ultimate 

Stage  7 

932 

1(31(00 

60000 
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TABLE  Mo.  36 


TENSION  TEST 


Truss  No.l 

Member  L--L, 
3  u 


Strains-micro . in/ in . 
Load-lbs . 

Unit  Stress-psi. 


Load 

Readings 
Bottom  Top 

Difference 
Bottom  Top 

Mean 

Strain 

Unit 

Stress 

Stage  5 

Stage  6 

o(5o) 

915 

101 

0 

0 

0 

20U 

1200 

110U 

2L2 

189 

1U1 

165 

U900 

2250 

1271 

371 

356 

270 

313 

9190 

3150 

IU12 

U79 

U97 

378 

U38 

12800 

Stage  6 

3150 

Uk2 

ia5o 

598 

603 

653 

502 

578 

17000 

5o5o 

732 

709 

787 

608 

698 

20600 

6100 

892 

837 

9U7 

736 

81*2 

2U900 

7050 

10i|2 

9U8 

1097 

Shi 

972 

28800 

8025 

1197 

1057 

1252 

956 

noli 

32800 

9050 

1361 

1170 

110.6 

1069 

121*3 

36900 

9950 

Yield  Point 

it0600 

litiiOO 

Ultimate 

58800 
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TABLE  No.  37 


TENSION  TEST 


Truss  No.l 
Member  U  -L, 
3  4 


Strains-micro . in/ in . 
Load- lbs. 

Unit  Stress-psi. 


Load 

Readings 

Bottom  Top 

Difference 
Bottom  Top 

Mean 

Strain 

Unit 

Stress 

Stage  7 

Stage  7 

0(30) 

238 

LUU 

0 

0 

0 

278 

1*95 

389 

582 

151 

138 

11*5 

1*630 

780 

1*81* 

671 

2L6 

227 

237 

7290 

1180 

611* 

790 

376 

31*6 

361 

11000 

1620 

759 

923 

521 

1*79 

500 

15100 

1990 

878 

1032 

6I4O 

588 

61U 

18600 

2370 

99  8 

11)46 

760 

702 

731 

22200 

2970 

1188 

1323 

950 

879 

915 

27800 

3U90 

1352 

1U79 

111k 

1035 

1075 

32600 

3900 

11*79 

I6OI4 

121*1 

1160 

1201 

361*00 

1*090 

1538 

1663 

1300 

1219 

1260 

38200 

1*51*0 

1678 

1799 

11*1*0 

1355 

1398 

1*21*00 

5ooo 

1822 

1932 

I58ii 

I488 

1536 

1*6700 

6650 

Yield  Point 

62200 

8580 

Ultimate 

81100 
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TABLE  No.  38 

ACTUAL  COMPUTED  TOTAL  STRESSES  IN  POUNDS 


Truss  No.l 


Loads-lbs/panel  point 


Load 

VLi 

Pl!-L2 

VL2 

VL3 

p 

°2-L3 

PL3-Li* 

PVLi* 

P 

urLi 

81 

676 

611 

1*99 

1070 

29k 

131*0 

100 

281* 

121 

1010 

9  lh 

71*5 

1600 

h39 

2010 

150 

1*21* 

162 

1350 

1220 

998 

2130 

588 

2690 

202 

567 

202 

1690 

1530 

121*0 

2660 

73U 

3350 

250 

707 

242 

2020 

1830 

11*90 

3190 

879 

1*010 

301 

81*7 

28  3 

2360 

211*0 

171*0 

3730 

1030 

1*690 

351 

991 

323 

2700 

2l*!*0 

1990 

1*260 

1170 

5360 

hoo 

1130 

36U 

30l*0 

2750 

221*0 

1*800 

1320 

601*0 

U52 

1270 

liOii 

3380 

3030 

21*90 

5330 

lU70 

6700 

5oi 

11*10 

3710 

3350 

2730 

5830 

1610 

7360 

552 

1550 

U85 

1*050 

3660 

2990 

61*00 

1760 

8050 

602 

1700 

525 

1*380 

3960 

32UO 

6920 

1910 

8710 

652 

181*0 

Load 

pn  T 
u2  l2 

*  U3-I3 

\“Lit 

Vui 

PUi-U2 

PVU3 

P°3-Ul* 

81 

202 

121 

81 

on 

1070 

131*0 

11*1*0 

121 

302 

182 

121 

911* 

1600 

2010 

2150 

162 

U05 

2U3 

162 

1220 

2130 

2690 

2870 

202 

505 

303 

202 

1530 

2670 

3350 

3580 

2li2 

605 

363 

2U2 

1830 

3190 

1*010 

1*290 

283 

707 

b2h 

283 

211*0 

3730 

1*690 

5010 

323 

808 

£8E 

323 

21*1*0 

I4.26O 

5360- 

5730 

36k 

910 

5R6 

36U 

2750 

ii800 

6ol*o 

61*60 

UoU 

1010 

606 

hok 

3050 

5330 

6700 

7180 

UUU 

1110 

665 

I444 

3350 

5850 

7360 

7880 

u89 

1210 

727 

485 

3660 

6400 

8050 

8600 

525 

1310 

787 

525 

3960 

6920 

8710 

9310 
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TABLE  No.  39 

ACTUAL  COMPUTED  TOTAL  STRESSES  IN  POUNDS 
Truss  No. 2  Load- lb s/panel  point 


Load  Pn  -L  PL  -L 
U0  L1  L1  L2 


ui-l2 


PL2-L3  U2-L3  L3-Lfc  U3-L^ 


U1“L 


i 


81 

689 

618 

121 

1030 

925 

162 

1380 

121*0 

202 

1720 

15U0 

2U2 

2060 

1850 

283 

21;  10 

2160 

323 

36U 

27UO 

21*60 

3090 

2780 

UoU 

3UuO 

3090 

hhh 

3780 

3390 

1*85 

U120 

3710 

525 

U*60 

1*010 

521 

1100 

2  99 

778 

161*0 

1*1*6 

101*0 

2190 

598 

1300 

271*0 

71*5 

i960 

3280 

891* 

1820 

381*0 

101*0 

2080 

1*370 

1190 

231*0 

1*930 

131*0 

2600 

5l*70 

11*90 

2860 

6010 

161*0 

3120 

6570 

1790 

3380 

7110 

191*0 

1370 

101 

28U 

2050 

151 

■  h2h 

271*0 

202 

567 

31*20 

252 

707 

1*090 

302 

8U7 

1*790 

35U 

990 

51*60 

1*05 

1130 

6160 

1*55 

1280 

6850 

506 

1420 

7510 

556 

1560 

8210 

607 

1700 

8890 

657 

iQhO 

Load 

PU  _T 
u2  L2 

p 

VL3 

VL1* 

Pu0-ui 

Puro2 

P 

u2“u3 

Vi* 

81 

202 

121 

81 

618 

1100 

1370 

lii60 

121 

302 

182 

121 

925 

161*0 

2050 

2180 

162 

U05 

2U3 

162 

12U0 

2190 

271*0 

2920 

202 

505 

303 

202 

i5Uo 

271*0 

31*20 

364O 

2U2 

605 

363 

2U2 

1850 

3280 

1*090 

4370 

283 

707 

b2k 

283 

2160 

381*0 

1*790 

5110 

323 

80? 

U8U 

323 

21;  60 

1*370 

51*60 

5830 

36k 

910 

5U6 

36U 

2780 

1*830 

6160 

6560 

UOh 

1010 

606 

UOI4 

3090 

51*70 

6850 

7300 

kbk 

1110 

666 

m 

3390 

6010 

7510 

8010 

U85 

1210 

728 

h  85 

3710 

6570 

8210 

8750 

525 

1310 

787 

525 

L010 

7110 

8890 

91*90 
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TABLE  No.  UO 

MAXIMUM  UNIT  STRESSES  IN  PSI 


Upper  Chord 


Load-lb s/p an el  point 


Load 

l — 1 

b 

#1 

1 — 1 

1 

#2 

CM 

s=> 

1 

rH 

#1 

CM 

*=> 

1 

1 — 1 
!=> 

#2 

Computed  Observed  Computed  Observed 

Computed  Ofc 

>served  Computed  Observed 

81 

21*00 

1*030 

2420 

1570 

3150 

1910 

311*0 

2120 

121 

3580 

5U60 

3620 

2230 

1*720 

2870 

1*700 

2910 

162 

1*790 

6670 

1*81*0 

2850 

63OO 

3890 

6290 

3700 

202 

5970 

801*0 

601*0 

3350 

7720 

5100 

7860 

4650 

21*2 

7X60 

92420 

7220 

1*550 

91*10 

6600 

91*10 

6190 

283 

8380 

10600 

81*60 

1*970 

11000 

781*0 

11000 

7290 

323 

9560 

11200 

9630 

5U90 

12600 

8770 

12600 

7970 

36U 

10800 

12200 

10900 

6230 

11*200 

9920 

11*000 

9070 

i*01* 

12000 

13100 

12100 

6890 

15700 

10800 

15700 

9980 

1*1*1* 

13100 

13800 

13300 

71*30 

17300 

11600 

17300 

10900 

1*85 

11*1*00 

11*1*00 

ii*5oo 

8120 

18900 

12500 

18900 

11800 

525 

15500 

15500 

15700 

8850 

201*00 

13700 

201*00 

12900 

Load 

VU3 

#1 

VU3 

#2 

U3  -U2* 

#1 

U3-\ 

#2 

Computed  Observed  Computed 

Observed 

Computed  Ob 

•served 

Computed  Observed 

81 

3590 

2830 

31*30 

2800 

3690 

2410 

3770 

2410 

121 

5360 

1*270 

5130 

3990 

5500 

3490 

5630 

3730 

162 

7170 

55i*o 

6860 

1*710 

7380 

1*770 

751*0 

5030 

202 

3800 

7160 

8560 

6070 

9050 

6390 

9390 

631*0 

242 

10700 

8710 

10300 

7610 

11000 

7580 

11300 

7930 

283 

12500 

10100 

12000 

9070 

12900 

8950 

13200 

9220 

323 

14300 

11200 

13700 

10100 

14700 

10000 

15100 

10300 

364 

16100 

12800 

15400 

llkoo 

16600 

11500 

16900 

11700 

404 

17900 

11*100 

17200 

12800 

18400 

12700 

18900 

12800 

1*1*1* 

19700 

11*700 

18800 

13900 

20200 

13700 

20700 

14100 

1*85 

21500 

161*00 

20500 

15200 

22100 

14900 

22600 

15700 

525 

23300 

17700 

22300 

16000 

23900 

16100 

24400 

16500 
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TABLE  No.  hi 

MAXIMUM  UNIT  STRESSES  IN  PSI 


Lower  Chord 


Load-lbs/panel  point 


Load 

U0-°l 

#1 

#2 

Ll“L2 

#2 

T  _T 

i*l  x*2 

#2 

Computed  Observed  Computed  Observed  Computed  Observed  Computed 

Observed 

81 

2760 

5320 

2830 

3380 

21*60 

1*360 

2530 

U820 

121 

l*2l*o 

7830 

U2U0 

5000 

3670 

631*0 

3780 

7060 

162 

5520 

9860 

5680 

6660 

1*900 

8080 

5070 

9130 

202 

6920 

11900 

7070 

8280 

6120 

9620 

6300 

10700 

2lj.2 

8260 

13300 

8U70 

9750 

7350 

10900 

7570 

12200 

283 

9660 

15700 

9900 

11100 

8570 

121*00 

8830 

14200 

323 

11100 

16900 

11300 

13000 

9800 

13900 

10100 

15700 

36U 

12UQ0 

18300 

12700 

11*300 

11000 

15100 

111*00 

17100 

bob 

13800 

19800 

1L200 

16000 

12300 

16500 

12600 

18800 

bbb 

13200 

21500 

15600 

17800 

13500 

18000 

13900 

20300 

U85 

16600 

23200 

16900 

19100 

11*700 

19500 

15200 

22000 

525 

18000 

2U700 

18U00 

20500 

15900 

20800 

161*00 

23500 

L  -L_ 

#1 

L  -L, 

#2 

L  -L. 

#2 

L -L, 

#2 

Load 

2  3 

2  3 

3  4 

3  h 

Computed 

Observed 

Computed 

Observed 

Computed  Observed  Computed  Observed 

81 

U270 

5000 

4600 

1*890 

5380 

7530 

5750 

5883 

121 

6380 

7520 

6890 

7310 

80i|.0 

11300 

8600 

8800 

162 

8510 

9910 

9200 

9760 

10700 

11*1*00 

11500 

11700 

202 

10600 

12100 

11500 

11800 

13i;00 

171*00 

11*1*00 

IblOO 

2U2 

12800 

11*200 

13800 

13800 

16000 

20100 

17200 

16600 

283 

1U900 

16300 

16100 

16000 

18800 

23000 

20200 

19200 

323 

17000 

18500 

18300 

181*00 

21400 

25800 

22900 

22000 

36U 

19200 

20500 

20700 

20600 

2b200 

28700 

25800 

2L700 

boh 

21300 

22600 

23000 

22900 

26800 

311*00 

28800 

27400 

bbb 

23U00 

21*900 

25200 

25200 

29U00 

3U300 

31500 

30200 

U85 

25600 

27000 

27600 

27800 

32200 

38200 

31*500 

33300 

525 

27700 

29100 

29900 

29000 

34800 

1*1000 

37300 

35900 
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TABLE  No.  U2 

MAXIMUM  UNIT  STRESSES  IN  P3I 
VERTICALS 


Load-lb s/panel  point 


U1  L1 

#1 

vrh 

#2 

VL2 

#1 

U2“L2 

#2 

Load 

Computed  Observed 

Computed  Observed 

Computed  Obser. 

Computed  Observed 

81 

u*5o 

U310 

3360 

1870 

2250 

2890 

121 

2160 

6380 

U890 

2800 

31*1*0 

rH 

1*290 

162 

2900 

8380 

rH 

6350 

3750 

U600 

5680 

202 

3600 

10200 

♦ 

A 

7670 

1*680 

5700 

£ 

691*0 

2U2 

1*320 

12100 

§, 

9370 

5600 

7280 

8530 

283 

5060 

13900 

w 

10600 

6550 

8660 

GO 

cd 

10000 

3  23 

5760 

15300 

cC 

12100 

7l*8o 

9910 

11300 

36U 

61*90 

16800 

§ 

13300 

81*30 

moo 

12600 

UOL 

7200 

18300 

aS 

CO 

1U800 

9350 

121*00 

CO 

ii*ooo 

hhu 

7910 

19800 

16200 

10300 

13600 

151*00 

U85 

8670 

21300 

17U00 

11200 

15000 

16600 

525 

9390 

23100 

18900 

12100 

16600 

I8u00 

U3-L3 

■4 

VL3 

#2 

VLi* 

#1 

U,  -L. 
u  U 

#2 

Load 

Computed  Observed 

Computed 

Observed  Computed  Obser. 

Computed 

Observed 

81 

mo 

1100 

1970 

770 

871 

737 

590 

121 

1670 

1670 

281*0 

1110 

1190 

1100 

885 

162 

2230 

2090 

rH 

3760 

1*620 

lu90 

1610 

11*70 

1300 

202 

2780 

261l0 

3U70 

1850 

2070 

181*0 

1690 

2L2 

3330 

£ 

5500 

2220 

261*0. 

2200 

2330 

283 

3890 

3990 

fA 

6260 

2600 

3060 

2580 

291*0 

2580 

323 

I*  1*1*0 

U390 

02 

cd 

7770 

296O 

331*0 

31*1*0 

3110 

36U 

5010 

1i980 

© 

81*90 

3760 

1*330 

3310 

3370 

Uou 

5560 

5520 

i 

9580 

3710 

3680 

3750 

khh 

6110 

6100 

CO 

10700 

1*070 

1*550 

1*01*0 

3990 

U65 

6680 

6660 

111*00 

1*1*50 

1*810 

1*1*10 

ul90 

525 

7220 

7820 

13300 

1*810 

5130 

1*770 

U820 

- 


1-1 


' 
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TABLE  No.  U3 

MAXIMUM  UNIT  STRESSES  IN  PSI 
DIAGONALS 


Load-lbs/panel  point 


UrL2  #1  Ul"L2  #2  U2~L3  U2‘L3  #2 

Load  Computed  Observed  Computed  Observed  Computed  Observed  Computed  Observed 


81 

2600 

2660 

121 

3880 

3890 

162 

5200 

5200 

202 

6lx  60 

6uuo 

242 

7760 

7510 

283 

9060 

8720 

323 

10U00 

10000 

36lx 

11700 

11300 

U04 

13000 

12600 

khk 

1U300 

13700 

m 

15600 

15100 

52$ 

16900 

16100 

261+0 

3170 

2720 

3950 

4610 

1+070 

5280 

611+0 

51+50 

6600 

7550 

6800 

7920 

8700 

811+0 

921+0 

10100 

951+0 

10600 

11100 

10800 

11900 

12600 

12200 

13200 

13800 

13600 

11+500 

li+900 

1I+900 

15800 

16300 

16300 

17200 

171+00 

17700 

2900 

21+1+0 

l+51+o 

3790 

5780 

1+850 

7150 

rH 

6080 

8280 

• 

6990 

9670 

s 

8120 

10900 

0} 

9200 

12200 

as 

10500 

13600 

11800 

li+800 

6 

as 

13100 

16200 

CO 

11+500 

17300 

15500 

U3"L1+  VM  #2 

Load  Computed  Observed  Computed  Observed 


81 

935 

11+20 

917 

957 

121 

1L00 

2090 

1370 

11+30 

162 

1890 

2620 

181+0 

1770 

202 

23LO 

3250 

2290 

2290 

2U2 

2810 

3630 

271+0 

2560 

283 

3280 

1+350 

3220 

3050 

323 

3740 

1+920 

3680 

3320 

36U 

4230 

5570 

1+11+0 

399 0 

hok 

k680 

6110 

1+600 

l+l+i+O 

kkh 

5110 

6720 

5050 

1+900 

U85 

5630 

7230 

5510 

5690 

525 

6090 

7590 

5970 

5950 

'V ' ■  ■■ 


,  9 P. ft. 

■  VT.r:  ■. 

biv  V-;  ;  fj 

■. . 

« 

so 

i 

Q 
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■ 

05 

. 
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Buckling  of  Top  Chord 


Plan  of  Top  Chord  in  Buckled  Position 


Assumptions:  Top  chord  of  constant  cross-section 

Ends  fixed  against  lateral  movement 

H^,  H 2 *  etc.,  are  the  values  of  the  horizontal 
elastic  forces. 

Let  values  of  .H  ,  be  given  by 

equations  of  the  form  H-,  =  C-^  c? , ,  etc. 

The  C’s  are  the  elastic  coefficients  and  are 
dependent  upon  h  (depth  of  truss)  and  the  moments 
of  inertia  of  the  verticals  and  diagonals. 


The  support  of  a  cantilever  type  column: 

„  H-,  h? 

(Cantilever  Deflection  Formula) 


3E  I- 


3E  I- 


,  etc. 


sin  -ZbL-  (i.e.  sine  curve  deformation) 


Then  §  =  sin  _ZL  ;  =  S,  sin  7K  •  §  =  5,  sin  3  7^ 

1  “  8  2  l(  <’  3  h 


dx 


7C  cos  i  d  y  -  _  7\  £  sin  ^  x 


a  '  *  dx2  jgz 


Jt 


1 

* 


rZ  dF 

•  • 


.  , 


?  . 1  .  =  r:  f  ' 


ii ii 


The  work  done  by  each  H  is  given  by: 


WT  =  I  H,  8,,  etc. 


'1  1 
3  El 


H1  = 


h 


3- 


3EI, 


sin 


7V 

8 


w 


LI 


El 


1  $ 


h^ 


k  sin 


7C 


Therefore,  total  W  is  given  by: 

1j 

w  =2.3.%  s2 

TL  ~  b 


El 


0.11(7  +  2 


El,  <-2 

±_  du  0.500 


h3 


+  2  •  •  _i=L  %  0.852  f  _3_  fcIlt  $ 


h3 


2  h3 


c  2  /3EI 

Therefore,  =  9^  j- - — 


3  EE-  3EE  El 

0.11(7  4-  —-6-  *  |  +  - 3_  0.852  +  3  _ h_ 


h' 


.3 


2  h3 


Sut,  I2  =  I3=IU 


Hence:  WTL  =  0.10(1  — y-  +  JyL  [l.5  +  2.556  +  1.5J 


-  o 


El  2 

Mi  §  + 

hJ 


h3  ^ 

5.56  El,  <r2 
*  T  - h3 -  > 


V  Pl?  P25  P3  rePresent  the  horizontal  components  of 
the  diagonsls ,  the  work  done  by  these  forces  may  be  arrived  at 
as  follows : 


Sinc< 


dy 

is  small, 


ds  -  dx  =  dx  IJ  1  -f 


dv 


dx 


■i* 


dx 
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■»(-£-)  * 

P  I  2 

Therefore,  work  =  -75—  I  ^  dx  where  the  limits  represent 

'o  x 

the  distance  between  the  pairs  of  loads* 

Thus,  the  work  done  by  the  components,  W  ,  is  given  by: 

I  u 


TC 


]\jt 

Jo  k  A 2 


cos2  -ZLZ-  dx  +  — L 

A  2  ^ 


3/kl2  , 

d  — —  cos2  JZSS  dx 

0  **  A2  . A 


H 


■\ J 


2  -TO2  P 

^  2  '7T  x  ,  ,  1 3 

J^h~2COS  —  dX  +  “2 ~Jn  "k—2 


2 

S,  cos2  dx 

i2  ^ 


Assume  the  same  load  at  each  panel  point  and  the  stress  in  =  P 


p~  =  -riL  P;  P-,  =  -4-  p;  p,  =  -4-  P;  p,  =  _4_  p 

lo 


16  '1  ~W  ’  2  3  -T7 


V  ■  -b *  [’( 75 ^ -  *4.p 


'3/UJ* 


0 


.  „  2  n!  cos2  dx 

32  -1  u  A  2  A 


(1^2  2  fif 

~fePj<A  p?'"  ■a?fc 


2  ^ _ '2 

^  2  "7px 

— -  COS  - — 

h  A 2 


dx 


L2l!  i2 
J 2  u 


,  rh 

L2_  i  2i!  COS2  "7T X 


,3/y 


32 


- -  dx  1  JL„ 

J 


7T  2 


ii  ^  2 


COS 
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The  internal  work  due  to  bending  is  given  by: 


-117 


Equating  the 

work, 

o.»  4 

2 

“  ’ 

^  El 

2 

El-,  c2 

4.  0.I4.UI  _ ...  ^  +  5.56 

EI2 

2 

% 

ui3 

h-1  h 

h3 

dk 

Prr  -  - 

2  J  E 

rvi 

4- 

0.14a  ix  +  5.556  i2"j 

cr  — 

0.3W7T2 

L  m 3 

T 

h3  J 

'rom  Data: 

1 

3  =  29  x 

6 

10  psi. 

=  16*  -  0"  =  192" 
h  =  10  5/8 » 

.  U 

Ix  =  0.003051"’  ,, 

Ip  =  0.0009!i5in‘ 
in  k 

I  =  0.220  * 


pcr 


2  x  192  x  29  x  IQ6 

O-.3I+7  x  9.87 


97. h  x  0.220  | 
h  x  7.08  x  10^ 


o.kUl  x  0.00305  1  5.56  x  0.00091,5  1 

1210  J 


3260  X  106  X  6.21  X  10  6 


20 , 200 


If  no  support  from  verticals 

F0r  =  3260  x  0.757  =  2,U7(/ 
Maximum  Observed  Load  =  8,580  ^ 
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Buck. 

For  the  verticals  as  cantilever- type  columns  assuming 
axial  load: 


cr 


TV2  El 

hf 

9.87  X  29  X  10b  x  9.Ug  x  10 

it  x  113 

600  for  3/8  in. -diameter  members 


P„„  -  — jPJL... .  x  600  -  1.9U0  ^  for  i  in. -diameter  members 

ci  9U.5 


Truss  No.  Member  Total  Stress  just 

before  Failure 

Diameter 

2  U1  -Lx  1800 

1/2  in. 

2 

u2  -l2 

1170 

3/8  in.  greater  than  Pcr 

2 

u3  -L3 

7k$ 

3/8  in.  »  »  « 

2 

\  -h 

hhQ 

3/8  in. 

1 

U78 

3/8  in. 

1 

c3  -l3 

825 

3/8  in.  »  »  « 

1 

U2  -L2 

1120 

3/8  in.  "  "  11 

1 

U1  -L1 

1690 

1/2  in. 

Once  members 

U2  -Lg 

and 

U3  -L^  became  incapable  -of 

support. 

wTL  ='  0. 1*1*1 

EI1  . 

+  EI2  S  , 

h3  < 

u 

h3  \  X'J 
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Then: 


0-3U77T2  p  =  V*  E  I  +  o.UUl  E  _h_  +  1.5  E 


2  A 


Pcr  =  3260  x  10* 


3  h3  h3 

j~0.757  x  10~°  +  1.11  x  10-6  +  1.17  x  10 ~6J 


=  3260  x  3. Olt  =  9.920  # 


Without  U-,  -I,-, 


cr 


=  3260  x  2.28  =  7,UU0 
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APPENDIX  II 

The  Use  of  SR-4  Strain  Gauges 

The  SR-4  electric  strain  gauge,  by  reason  of  its  low  cost, 
makes  possible  extensive  investigations  such  as  that  reported  in  the 
previous  portions  of  this  thesis.  While  certain  aspects  of  the  gauges 
have  their  disadvantages,  at  least  to  the  author* s  mind,  they  proved  to 
be  dependable  and  quite  easy  to  use. 

While  detailed  instructions  for  application  may  be  obtained 
from  the  manufacturer  upon  application,  it  is  probably  as  well  to  discuss, 
briefly,  the  method  as  used  in  the  course  of  this  experiment.  For  con¬ 
venience,  they  will  be  listed  as  numbered  steps. 

1.  Remove  all  loose  scale  and  foreign  matter  from  the  surface  on  which 
the  gauges  are  to  be  placed.  For  members  which  are  readily  handled 
singly,  this  is  best  accomplished  by  the  use  of  a  bench-sander  or 
some  similar  piece  of  equipment.  In  the  case  of  a  number  of  fixed 
members,  as  in  a  truss,  it  is  convenient  to  use  some  portable  type 
of  sanding  equipment.  If  a  particular  position  of  the  gauge  is 
desired,  centre  lines  should  be  inscribed,  lightly,  on  the  prepared 
surface. 

2.  Measure  the  resistance  of  the  gauge  before  application.  This  is 
readily  done  with  a  Wheatstone  Bridge  fitted  with  probing  leads, 
which  allow  the  gauge  resistance  to  be  measured  before  removal  from, 
the  package. 

3.  Glean  the  surface  of  the  member  with  acetone. 
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4.  Apply  a  liberal  coating  of  cement  to  the  contact  surface  of  the 
gauge.  The  cements  recommended  by  the  manufacturer  are  a  special 
SR-4  cement  or  Duco  Cement  No.  5418.  The  latter  was  used  in  this 
case,  but,  since  completion  of  the  experiment,  the  author  has  had 
occasion  to  examine  work  being  done  with  these  gauges  at  the  Univer¬ 
sity  of  Saskatchewan.  At  that  institution  very  satisfactory  performance 
has  been  obtained  with  the  use  of  ordinary  Duco  Household  Cement  which 
may  be  procured  much  more  readily. 

5*  Apply  the  gauge  to  the  surface  previously  prepared  and  work  all  excess 
cement  from  between  the  gauge  and  surface  by  applying  gentle  pressure 
with  the  fingers.  Care  must  be  taken  to  prevent  formation  of  bubbles 
in  the  cement  layer. 

6.  Apply  approximately  one  pound  pressure  to  the  gauge  until  the  cement 
has  become  sufficiently  ” tacky”  to  hold  the  gauge  in  place.  Suitable 
clamps  for  this  purpose  must  be  devised  to  fit  the  member  to  which 
the  gauge  has  been  applied.  Normally,  a  period  of  between  one  and 
two  hours  was  found  to  be  sufficient  for  the  glue  to  attain  what 
might  be  called  an  ”  initial  set”. 

7.  Allow  the  cement  a  period  of,  approximately,  twenty- four  hours  to 
attain  a  proper  degree  of  solidification. 

8.  Measure  the  resistance  of  the  gauge.  This  reading  should  not  differ 
from  that  obtained  in  Step  No.  2  by  more  than  one -half  ohm. 

9.  Measure  the  leakage  resistance  (i.e.  the  resistance  between  the  gauge 
wires  and  the  member)  using  a  ” megger”  or  megohm  recorder.  This 
leakage  resistance  should  be  greater  than  fifty  megohms. 


10 


12 


.  Attach  leads  of  either  No.  IB  or  No.  20,  single  solid,  insulated 
wire  using  resin  core  solder  to  make  the  connections. 

11.  A  compensating  gauge  of  the  same  type,  and  preferrably  the  same  lot, 
should  be  applied  to  an  unloaded  member,  of  like  material,  in  the 
same  manner.  This  is  to  offset  changes  in  resistance  due  to 
temperature  change. 

It  is  well  to  note  that,  in  order  to  be  truly  effective,  the 
length  of  the  leads  on  the  compensating  gauge  should  be  the  same  as  that 
of  the  leads  on  the  recording  gauge. 

For  ordinary  tests  on  single  members,  the  time  required  for 
preparation  of  the  specimen  is  such  that  mechanical  gauges  are  more  con¬ 
veniently  used.  The  ordinary  mechanical  gauge  has  the  additional  advantage 
that  it  can  be  inspected  during  the  test  to  ensure  that  it  is  functioning 
properly.  However,  where  multi pie -member  structures  are  to  be  tested  the 
SR-4  gauge  is  convenient  and,  seemingly,  very  reliable.  The  convenience 
is  particularly  evident  when  one  remembers  that  all  gauges  may  be  read 
from  a  central  control  station. 
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APPENDIX  III 
Preliminary  Tests 

Test  No.  1 

Object  -  To  determine  whether  or  not  an  SR-4  strain  gauge  of  the  A3  type 
can  be  fastened  to  a  -§-inch  diameter  rod  in  such  a  manner  as  to  give  a 
satisfactory  recording  of  the  strains  produced,  in  the  rod,  by  the 
application  of  load. 

Procedure  -  Measuring  and  compensating  gauges  were  prepared  using  the 
method  discussed  in  Appendix  II. 

Huggenberger  extensometers  were  applied  to  the  rod  on  the  same 
section  as  was  the  SR-4  gauge,  but  at  positions  ninety  degrees  around  the 
rod  from  the  centre  line  of  the  electric  gauge. 

Zero  readings  were,  mistakenly,  taken  before  the  application  of 
any  loading,  and  the  specimen  was  then  loaded  to  3,710  pounds  in  increments 
of  approximately,  200  pounds. 

The  test  was  conducted  on  the  Baldw in-Southwark  hydraulic  testing 

machine. 

Observations  -  The  resistances  of  the  measuring  gauge  before  and  after 
application  were,  respectively  119*4  ohms  and  120  ohms.  The  leakage 
resistance  was  greater  than  50  megohms. 

The  remainder  of  the  observed  and  computed  data  are  given  in 
Table  I  and  the  results  are  depicted  in  Figure  1. 

It  will  be  noticed  that  the  result  from  the  SR-4  gauge  is  shifted 
somewhat  to  the  right,  indicating  greater  strains,  and  has  a  slightly 
steeper  slope. 


1 2U 


Conclusions  -  Apparently,  failure  to  apply  an  initial  load  resulted  in 
excessive  apparent  strain  being  indicated  by  the  SR-4  gauge  under  the 
first  two  increments  of  load.  After  this  load,  the  slack  was  removed  from 
the  gauge  and  the  results  became  more  uniform. 

The  greater  slope  of  the  SR-4  result  is  probably  accounted  for 
by  eccentricity  in  the  loading,  in  a  plane  containing  the  SR-4  and  perpen¬ 
dicular  to  the  plane  containing  the  Huggenberger  extensometers.  This  is 
quite  likely  since  the  specimen  was  an  ordinary  length  of  -§-inch  structural 
steel  rod,  not  a  specially  machined  tension  specimen. 

Test  No.  2 

Repeat  of  Test  No.  1 

Procedure  -  The  only  change  of  procedure  was  that  an  initial  loading  was 
applied  and  practically  removed  before  starting  the  test. 

Observations  -  The  data  is  compiled  in  Table  2  and  depicted  in  Figure  2. 
While  the  results  coincide  quite  well,  a  difference  in  slopes  still  exists. 
Conclus ions  -  Eccentricity  still  seems  to  exist.  This  is  shown  in  Figure  3, 
where  the  two  sets  of  results  coincide  quite  well  when  those  from  the  SR-4 
are  multiplied  by  an  eccentricity  coefficient  of  1.037. 

It  was  extremely  difficult  to  maintain  a  constant  load  on  the 
specimen  during  the  interval  necessary  to  read  the  gauges.  Hence,  with 
this  indication  of  satisfactory  performance  of  the  gauges  on  small  members, 


it  was  decided  to  use  a  more  reliable  test  for  accuracy. 
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Load 

0 

200 

Uoo 

600 

800 

1000 

1190 

1310 

1500 

1700 

1900 

2100 

2300 

2500 

2700 

2700 

2870 

3110 

3220 

3U70 

3710 

30 
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A.  Ill 
TABLE  No.  1 
TENSION  TEST  No.l 


Area  of  Specimen=  0.107  sq.in. 
Strains-micro . in/in . 

Unit  Stress-psi. 

Load-lbs. 


Huggeriberger 
Left  Right 

SR-U 

SR-U 

Difference 

Left 

Right 

Huggen¬ 

berger 

Average 

Unit 

Stress 

250 

20 

Stage  U 
988 

0 

0 

0 

0 

0 

310 

50 

1170 

182 

60 

U8 

5U 

1870 

380 

100 

1280 

292 

130 

80 

105 

37uO 

U60 

180 

13U9 

361 

210 

160 

185 

5610 

530 

2U0 

1H12 

b2k 

280 

220 

250 

7U80 

600 

310 

1U79 

U91 

350 

290 

320 

9350 

650 

370 

1532 

5UU 

UOO 

350 

375 

11100 

700 

1*20 

1588 

600 

U5o 

Uoo 

U25 

12200 

760 

U90 

1662 

67U 

5io 

U70 

b90 

1A000 

850 

550 

1710 

722 

600 

530 

565 

15900 

900 

610 

1780 

792 

65o 

590 

620 

17800 

960 

680 

18u9 

861 

710 

660 

685 

19600 

1020 

71*0 

1920 

932 

770 

720 

7U5 

21500 

1090 

810 

1987 

999 

8U0 

790 

815 

23UOO 

1180 

880 

2052 

106U 

930 

860 

895 

25200 

12u0 

9h0 

Stage  6 

82 

130 

1112 

990 

920 

955 

26800 

1310 

1010 

219 

1201 

1060 

990 

1025 

29000 

1370 

1050 

2L2 

122ii 

1120 

1030 

1075 

30100 

iU5o 

1120 

330 

1312 

1200 

1100 

1150 

32)400 

1530 

1200 

Uoo 

1388 

1280 

1180 

1230 

3U700 

300 

20 

Stage  5 
2k0 

268 

50 

0 

25 

281 
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Load 

0(30) 

210 

U00 

590 

790 

980 

1200 

1390 

1600 

1810 

2000 

2100 

2100 

2390 

2580 

2790 

3020 

3210 

3^60 

3160 

2350 

2350 

1940 

1520 

1000 

530 

0 
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A.  Ill 
TABLE  No. 2 
TENSION  TEST  No. 2 


Area  of  SpecimerF  0.107  sq.in. 
Strains-micro . in/ in . 

Unit  Stress-psi. 

Load-lbs. 


Huggenberger 
Left  Right 

SR-l* 

SR-li 

Difference 

Left 

Right 

Huggen¬ 

berger 

Average 

Unit 

Stress 

UUo 

ho 

Stage  5 
359 

0 

0 

0 

0 

280 

U80 

80 

hi  2 

53 

ho 

I4O 

liO 

I960 

51*0 

11*0 

463 

10L 

100 

100 

100 

37hO 

610 

210 

532 

173 

170 

170 

170 

5510 

670 

270 

592 

233 

230 

230 

230 

7380 

7  ho 

3U0 

652 

293 

300 

300 

300 

9160 

810 

hlO 

712 

353 

370 

370 

370 

11200 

870 

h70 

772 

U13 

1430 

U30 

h30 

13000 

9h0 

5U0 

832 

U73 

500 

500 

500 

15000 

1000 

600 

895 

536 

560 

560 

560 

16900 

1060 

660 

962 

6O3 

620 

620 

620 

18700 

1090 

690 

99  2 

633 

650 

650 

650 

19600 

1190 

790 

Stage  6 

29 

118 

722 

750 

750 

750 

22U00 

1250 

850 

182 

786 

810 

810 

810 

24100 

1320 

920 

2hl 

8U5 

880 

880 

880 

26100 

1390 

990 

315 

919 

950 

950 

950 

28200 

iU5o 

1050 

369 

973 

1010 

1010 

1010 

30000 

1520 

1110 

hh9 

1053 

1080 

1070 

1075 

32300 

1UU0 

1020 

358 

962 

1000 

980 

990 

29600 

1180 

760 

109 

713 

7  hO 

720 

730 

22000 

1050 

630 

Stage  5 
1072 
9h6 

587 

610 

590 

600 

18100 

920 

510 

815 

U56 

{48O 

h70 

U75 

114200 

750 

3h  0 

652 

295 

310 

300 

305 

9350 

600 

180 

500 

lUl 

160 

iho 

150 

4950 

U5o 

20 

360 

l 

10 

-20 

-5 

0 
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Test  Mo.  3 

Object  -  To  determine  the  accuracy  of  SR-4  gauges  by  means  of  a  constant 
load  test,  i.e.  a  dead  load  test. 

Procedure  -  Gauges  of  the  Al  type  were  applied  to  a  piece  of  1  inch  x  i  inch 
mild  steel  bar  2  feet  long.  These  gauges  were  spaced  approximately  14  inches 
from  one  end  of  the  bar.  At  this  end,  a  ball  and  socket  connection  was  made 
for  purposes  of  carrying  a  weight  pan.  This  gave  a  good  approximation  of  a 
concentrated  or  point  load.  The  other  end  of  the  member  was  clamped,  thus 
forming  a  cantilever  beam  with  ■§■  inch  depth. 

An  initial  load  was  applied  and  removed  and  then  the  member  was 
loaded  in  four  increments  of  approximately  ten  pounds  each. 

Observations  -  The  results  are  shown  in  Table  3  and  Figure  4*  The  value 
of  0.0035  inch  used  as  a  correction  for  the  distance  from  the  neutral  axis 
to  the  centre  of  the  strain  gauge  is  the  value  quoted  by  the  manufacturer 
as  the  average  thickness  of  glue  and  paper  beneath  the  gauge  wires. 
Conclusions  -  The  accuracy  of  the  gauges  is  perfectly  satisfactory. 


Test  Ho.  4 

Object  -  To  determine  the  effect,  on  readings,  of  straining  the  compensating 
gauge. 

Procedure  -  Using  the  bottom  gauge  on  the  cantilever  beam  as  a  compensating 
gauge,  it  was  possible  to  apply  an  initial  and  constant  strain  to  it  before 
starting  the  tension  test.  A  second  tension  specimen,  fitted  with  Type  Al 
gauges,  was  prepared  and  used. 
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Observations  -  The  results  are  shown  in  Table  4  and  Figure  5. 

Conclusions  -  While  the  balance  readings  (i.e.zero  readings)  were  decreased 
by  applying  initial  compression  to  the  compensating  gauge,  no  very  noticeable 
change  of  results  was  obtained. 
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Area  of  Specimen 
I  of  Specimen 
y  of  Specimen 
y  for  SR-U' s 


A.  Ill 

TABLE  Wo. 3 

CANTILEVER  BEAM 

TEST 

0.508  sq.in. 

Moment  Arm- Top  =  13.86  in. 

0.0102  in? 

Moment  Arm-Bo t.=  13.78  in. 

0.21*56  in. 

Loads-lbs. 

0.2L91  in. 

Stresses-psi. 
Strains-raicro-in ,/in. 
Bending  Moments-irvlbs. 

Load 

PART  I  -  OBSERVED 

Readings 

Top  Bottom 

Strain 

Top  Bottom 

Stage  6 

Stage  6 

0 

380 

583 

0 

0 

9.36 

1*88 

1*76 

108 

-107 

19.3' 

609 

353 

229 

-230 

29.6 

728 

237 

3U8 

-346 

39.  u 

8U2 

120 

U62 

-U63 

0 

378 

580 

-2 

-3 

PART  II  -  COMPUTED 

Strain  at 

Strain  at 

Load 

B.M. 

f 

top  fibres 

SR-U 

Top 

0 

0 

0 

0 

0 

9.36 

130 

3130 

108 

109 

19.5 

270 

6530 

225 

228 

29.6 

1*11 

9930 

3d  2 

3u7 

39  .u 

5U6 

13200 

1*55 

1*61 

Bottom 

0 

0 

0 

0 

0 

9.36 

129 

3120 

107 

108 

19.5 

2  69 

61*90 

221* 

228 

29.6 

1*09 

9880 

3k0 

3U5 

39.  1* 

Sk3 

13100 

U52 

U58 

.  ' 

, 

, 

,  .  wf.r-r 


i  . 


1 

-  /  ,  ;  ,  *  i;,r 

.  r.;,  !  ,.j . 


-oT 


r;:: 


c 


f.o.  ' 


I 
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Load 

10 

U30 

870 

1210 

1580 

1990 

2h00 

2820 

3200 

3600 

U0L0 

15 

15 

380 

830 

1360 

1710 

2020 

2li50 

2960 

3190 

3630 

ilOlO 

20 

20 

500 

1030 

15U0 

2000 

2520 

3070 

3530 

4010 

20 
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A.  Ill 
TABLE  No.  U 


COMPENSATING  GAUGE  TEST 


Loads-lbs. 

Strains-micro . in/ in . 


.  Readings  Difference  Strain 


Left 

Right 

Left 

Right 

(Average) 

1. 

Cantilever  Unloaded 

Stage  5 

Stage  7 

lit*0 

162 

0 

0 

0 

563 

233 

123 

71 

97 

670 

3U3 

230 

181 

206 

750 

402 

310 

2U0 

275 

832 

h90 

392 

328 

36O 

922 

581 

U82 

U19 

U5i 

1020 

669 

580 

507 

Shh 

1116 

768 

676 

606 

6Ul 

1203 

8U8 

763 

686 

725 

1291 

937 

851 

775 

813 

1397 

1030 

957 

868 

913 

U71 

1U1 

2 

.  Cantilever 

Loaded  to  58.2  lbs. 

Stage  k 

Stage  6 

822 

U71  ■ 

0 

0 

0 

893 

563 

71 

92 

82 

993 

670 

171 

199 

185 

1110 

788 

288 

317 

303 

1198 

868 

376 

397 

387 

1260 

943 

U38 

JU72 

U55 

1362 

1029 

5U0 

558 

5U9 

1U80 

nia 

658 

670 

66U 

1532 

1190 

710 

719 

715 

16U3 

1290 

821 

819 

820 

1720 

1359 

898 

888 

893 

822 

477 

3 .  Cantilever 

Loaded  to  29.6  lbs. 

Stage  5 

Stage  6 

160 

790 

0 

0 

0 

250 

918 

90 

128 

109 

370 

1038 

210 

2U8 

229 

489 

11U9 

329 

359 

344 

590 

12U9 

430 

US9 

4U5 

712 

1361 

552 

571 

567 

838 

1472 

678 

682 

680 

9U8 

1581 

788 

791 

790 

1050 

1692 

890 

902 

896 

153 

792 
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Load 

20 

h90 

1060 

1510 

201*0 

2510 

3050 

3500 

3970 

20 

20 

hkO 

1090 

1550 

2180 

2830 

3030 

3500 

U030 

20 
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A. Ill 

TABLE  No.  4  (Cont'd) 
COMPENSATING  GAUGE  TEST 


Loads-lbs. 

Strain s-micro . in/ in . 


Readings  Difference  Strain 

Left  Right  Left  Right  (Average) 


I*.  Cantilever  Unloaded 

Stage  5 

Stage  7 

1*68 

150 

0 

0 

0 

561 

269 

93 

119 

106 

689 

403 

221 

253 

239 

798 

503 

330 

353 

342 

910 

613 

442 

463 

U53 

1019 

719 

551 

569 

560 

111*1 

843 

673 

693 

683 

121*2 

933 

774 

783 

779 

1352 

1038 

884 

888 

886 

1*61 

152 

5.  Cantilever 

Loaded  to 

19.5  lbs. 

Stage  5 

Stage  6 

259 

903 

0 

0 

0 

338 

1012 

79 

109 

9U 

1*89 

1159 

230 

256 

243 

591 

1263 

332 

360 

346 

738 

1397 

479 

k9h 

1*87 

888 

15U0 

629 

637 

633 

937 

1582 

678 

679 

679 

101*0 

1689 

781 

786 

784 

1162 

1802 

903 

899 

901 

252 

907 
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APPEHDIX  IV 
Suggested  Improvements 

Several  problems  which  arose  during  the  experiment  might  have 
been  circumvented  by  modifications  of  the  equipment  and  the  arrangement 
thereof* 

1.  Any  further  investigations  should  be  carried  out  on  trusses  of  more 
accurate  and  controlled  construction,  employing  members  of  a  slightly 
heavier  and,  preferrably,  square  or  rectangular  cross-section.  Such  a 
truss,  with  more  careful  joint  construction,  would  permit  of  more 
rigorous  analyses  of  the  secondary  stresses. 

2.  At  least  one  truss  should  be  fitted  with  gauges  throughout  its 
entirety  to  enable  a  "joint  by  joint"  analysis  of  the  results.  This 
would  greatly  facilitate  the  analysis  of  results  such  as  those  obtained 
from  the  top  chord. 

3.  The  reaction  supports  should  include  a  scale  arrangement  of  some 
nature  in  order  that  the  reactions  could  be  determined  accurately. 

4*  One  reaction  should  be  made  as  near^  frictionless  as  possible.  This 
would  improve  the  results  obtained  from  the  top  chord. 

5.  An  arrangement  of  loading  whereby  the  load,  was  applied  to  the  truss 
at  the  panel  points  would  facilitate  the  analysis. 

With  these  modifications,  it  is  probable  that  even  the  "locked- in" 
stresses  could  be,  at  least  partially,  evaluated. 
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